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Extracellular vesicles control both coagulation and fibrinolysis
to promote deep venous thrombosis
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Venous thromboembolism (VTE) is a disease concept
that combines deep venous thrombosis (DVT) and pul-
monary embolism (PE). Various pathological conditions
can cause DVT, which is generated by Virchow’ s triad:
stasis of blood flow, damage to vascular endothelial cells,
and hypercoagulable states?. Although DVT is primarily
characterized by swelling and pain in the lower extremi-
ties, many cases are asymptomatic, which can lead to PE
and sudden death; therefore, prompt and accurate diagno-
sis is required. However, no clear diagnostic biomarkers
are available for diagnosis. Echocardiography is suitable
for identifying thrombi, and D-dimer is the most com-
monly used blood test. Although D-dimer levels within
the reference range have diagnostic value as a rule-out
test, even a high value has low disease specificity?” . What
are the alternative biomarkers for D-dimer levels?

Shiotsu et al. focused on large extracellular vesicles
(LEVs) in blood to answer this question. Extracellular
vesicles (EVs) are lipid bilayer membrane vesicles that
encapsulate functional molecules such as proteins and
nucleic acids and are secreted in various sizes. The mini-
mal information for studies of extracellular vesicles 2018
(MISEV 2018) recommended referring to EVs separate-
ly according to their size and density, such as medium/
large EVs (m/IEV) and small EVs (sEV); however, their
functional differences are not well understood®. They in-
cluded 28 patients with DVT, most of whom had carcino-
ma. In cancer-associated thrombosis, EVs derived from
cancer cells promote thrombogenesis?. This is mainly
due to the enhancement of the coagulation system by
tissue factor on the EV membrane surface and promotion
of platelet aggregation by podoplanin on the membrane®.
They found that CD31 and CD61 positive LEVs, which
are considered platelet-derived, increased in patients

with DVT.

One important aspect of the study by Shiotsu et al. is
that not only the membrane component of LEV, but also
miR-4485, which is contained in LEV, was significantly
increased in DVT patients. Receiver operating character-
istic analysis indicates that miR-4485 could be a potential
biomarker for DVT. Although various DVT-related miR-
NAs have been proposed”, new miRNAs can be added to
the list. Another important aspect was the identification
of tissue plasminogen activator (tPA) as a target gene
of miR-4485. LEVs from patients with DVT suppressed
tPA expression in human umbilical vein endothelial cells
(HUVECs). tPA is secreted from the Weibel-Palade bod-
ies of endothelial cells and is present in the blood, mostly
in complex with its specific inhibitor, plasminogen acti-
vator inhibitor 1 (PAI-1). tPA converts plasminogen into
plasmin and initiates fibrinolytic reactions. Therefore,
miR-4485 may promote DVT by decreasing tPA levels
and delaying the fibrinolytic reaction. They found that
LEV containing miR-4485 must be platelet-derived, in-
dicating a novel phenomenon in which platelets regulate
the fibrinolytic system.

Several points need to be addressed. First, plate-
let-derived LEVs increase in patients with DVT due to
thrombus formation and platelet activation, and can this
be a predictor of DVT, changes in this miRNA as DVT
progresses, and whether the number of LEVs correlate
with the degree of DVT are unknown. Second, although
miR-4485 in LEVs is endocytosed by endothelial cells
and inhibits tPA expression, in vivo data are required to
demonstrate that the prothrombotic effects of LEVs are
mediated by miR-4485. Furthermore, miR-4485 may
have many other target genes besides tPA, and a compre-
hensive evaluation of the miRNAs encapsulated in LEVs
is required based on the results of a comprehensive anal-
ysis of these genes. Finally, could the regulation of LEVs
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or miR-4485 be a therapeutic target? As described, the
increase in miR-4485 in platelets and endothelial cells ap-
pears to be associated with mitochondrial function; how-
ever, the underlying mechanism has not been elucidated.
Although further studies are needed, this study reveals a
novel role for platelet-derived LEVs in the pathogenesis
of DVT and is a valuable clue for future research.
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ABSTRACT

Objectives: There is a lack of consensus among researchers regarding the relationship between preoperative
fibrinogen levels and clinicopathological factors in oral squamous cell carcinoma (OSCC). The aim of this me-
ta-analysis was to evaluate and clarify these associations in OSCC.
Methods: The PubMed, Web of Science, and Embase databases were examined for studies that evaluated the
relationships between preoperative fibrinogen level and clinicopathological factors until October 12, 2023.
Results: Three studies comprising a total of 509 patients were included in the analysis. No correlations between
preoperative fibrinogen levels and gender (odds ratio [OR], 0.93; 95% confidence interval [CI], 0.34-2.55;
I2=78%; p=0.89), the pT category (OR, 2.52; 95% CI, 0.75-8.46; 12=81%; p=0.13), lymph node metastasis (OR,
0.75; 95% CI, 0.37-1.51; I*=52%; p=0.41) , and TNM stage (OR,1.59; 95% CI, 0.64-3.93; I!=73%; p=0.32) were
observed in the meta-analysis. However, the heterogeneity was found to be high or very high. The influence of
publication bias was considered in this analysis.
Conclusion: Preoperative fibrinogen levels were not related to gender, the pT category, lymph node metastasis,
or TNM stage in OSCC. The lack of sufficient data may render the data integration unreliable. Therefore, addi-
tional studies with larger sample sizes and similar cut-off values are required to validate the findings of this study.
(Lab Med Int 2024; 3(3): 61-65)

Oral squamous cell carcinoma, fibrinogen, clinicopathological parameters, meta-analysis

I Introduction...........ooovviiiniiiiiiiiieiiaeiinnns

In Japan, oral cancer accounts for almost 1% of all
cancers  and an increasing number of cancer-related
deaths ?. Oral squamous cell carcinoma (OSCC) is the
most common type of oral cancer, and surgical resection
is the most common treatment for this disease. Patients
with advanced cancer have a significantly worse quality
of life than those with early cancer®.

Several methods, including assessments of the preop-
erative fibrinogen level, have been tested for the early

detection and prognostic prediction of oral cancer -9,
There is a lack of consensus among studies on the re-
lationship between preoperative fibrinogen levels and
clinicopathological factors in OSCC. Therefore, this study
meta-analysis was conducted to evaluate and clarify the
aforementioned associations in OSCC.

II. Materials and methods..................coovivnn....

Search strategy
This meta-analysis was performed in accordance with
the 2020 Preferred Reporting Items for Systematic Re-
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views and Meta-analyses Statement ”. The PubMed,
Web of Science, and Embase databases were searched to
identify articles on the relationship between preoperative
fibrinogen levels and clinicopathological factors in OSCC,
published until August 3, 2023. The following search key-
words were used: “oral squamous cell carcinoma” [AND]
“fibrinogen.” We searched all fields in the literature. Ad-
ditionally, the reference lists of the included papers were
examined. Studies published in languages other than Jap-
anese or English, those that used cultured cells or animal
experiments, case reports, and articles lacking data on
the relationships between clinicopathological factors and
preoperative fibrinogen level were excluded from this
study.
Statistical analysis

Statistical analysis was performed using Review Manag-

Studies identified using the initial search
PubMed (n=50)
Web of science (n=24)
Embase (n=69)

Records after duplicates removed
(n=103)

er 5.4 (Cochrane Collaboration, Oxford, UK) to combine
the data and the effect estimate. A random effects model
was used due to the presumed population differences
among the included studies. The effect estimates are pre-
sented with their 95% confidence intervals (CIs) . The
intervention effects were measured using odds ratios
(ORs) , and the heterogeneity among studies was calcu-
lated using the I? values. Publication bias was assessed
using funnel plots for the primary endpoint.

III. Results

Study selection

A total of 50, 24, and 69 studies were identified from the
PubMed, Web of Science, and Embase databases (Fig-
ure 1) . In the primary screening, the titles and abstracts
were examined to exclude review articles, studies with

Studies excluded with reasons (n = 99)
* Unavailable statistical analysis
between fibrinogen level and clinicopathological
parameters in OSCC (n=57)

Studies screened (n =4)

* Case report (n=13)

* Review articles (n =12)

+ Abstract only (n =9)

* Languages other than Japanese or English (n=5)
* Non-human studies (n = 3)

Studies excluded with reasons (n = 1)

Studies included in
meta-analysis (n=3)

Figure 1 Flow chart for the selection of studies in

o djuvant chemoradiation (n=1)

this meta-analysis. OSCC, oral squamous cell carcinoma.

Table 1 Characteristics of the studies included in this meta-analysis.

No. First author Journal (year) Population Hospital facility Period No. of cases. FIB cut-off
Guanghua
. BMC Cancer. . . January 2015 -
1 L Y. Ch Hospital of 202 3.33
iang Y] (2021) na OSPRAIOL  py e cember 2018 (gL)
Stomatology
Carol Davila
Cancers Central Military
2 C tu A R i 2016 - 2019 223 525 dL
arunta (Basel). (2021) omama Emergency (mg/dL)
Hospital
Ki
Hum Pathol. 1‘tasat.o
3 Inoue A (2022) Japan University 2014 - 2016 84 342 (mg/dL)
Hospital

no., number; FIB, fibrinogen.
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inappropriate research designs, non-human studies, and
those published in languages other than Japanese and En-
glish. Of the five studies remaining after primary screen-
ing, two were excluded due to cases of advanced cancer
or treatment by neoadjuvant chemoradiation. Finally,
three articles with a total of 509 patients were included
in the analysis (Table 1) . Relationships between clinico-
pathological factors and preoperative fibrinogen levels.
The preoperative fibrinogen levels were not associated
with gender (OR, 0.93; 95% CI, 0.34-2.55; I*=78%; p=
0.89; Figure 2A) , the pT category (OR, 2.52; 95% CI,
0.75-8.46; 1>*=81%; p=0.13; Figure 2B) , which indi-
cates the size or local extent of the primary tumor, lymph
node metastasis (OR, 0.75; 95% CI, 0.37-1.51; ?*=52%;
p=0.41; Figure 2C), and TNM stage (OR, 1.59; 95% CI,
0.64-3.93; I’=73%; p=0.32; Figure 2D) . Associations
between fibrinogen levels and other clinicopathological
factors, such as age and tumor differentiation, could not

fibrinogen high  fibrinogen low

be analyzed due to a lack of data. The heterogeneity,
demonstrated by the I? values, was high or very high.
The funnel plots for gender, the pT category, lymph node
metastasis, and TMN stage demonstrated asymmetry,
suggesting the possibility of publication bias (Figure 3).

IV, DiSCUSSION ...ttt

Fibrinogen is a blood coagulation factor produced in
the liver; it is converted into fibrin by thrombin to form
fibers and strong fibrin clots ®?. The expression of this
classic acute phase reactant is considerably increased in
the liver and blood during inflammatory conditions . In
addition, hyperfibrinogenemia and a cancer-associated
systemic inflammatory response are strongly associated
with cancer progression and prognosis 'V. A meta-analy-
sis of 17 studies revealed that higher pretreatment plas-
ma fibrinogen levels predicted poor overall survival (OS)
and disease- or progression-free survival in patients with

Odds Ratio Odds Ratio

A Study or Subgroup  Events  Total Events  Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI

Liang YJ 2021 a7 123 51 79 36.8% 2.0501.09,3.85 2021 ——

Caruniu A 2021 32 46 56 65 31.3% 0.37 (014,094] 2021 —

Inoue A 2022 25 38 kil 46 31.9% 0.93[0.37, 2.31] 2022 I

Total {95% CI) 207 190 100.0% 0.93 [0.34, 2.55]

Total events 154 138

Heterogeneity: Tau®= 062, Chi*= 8.03, df= 2 (P = 0.01); F= 78% o o 1 10 100

Testfor overall effect Z= 014 (P=089) i ﬁbu:lrmgen low fibrinogen high
fibrinogen high  fibrinogen low Odds Ratio 0Odds Ratio

Study or Subgroup  Events  Total Events  Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
B Liang ¥J 2021 40 ar 33 68 306% 0.90 [0.48,1.70] 2011
Caruritu A 2021 30 46 25 65 36.6% 3.00[1.37,6.58] 2011 —_—
Inoue A 2022 1" 36 2 46 24.8% 963 [1.98 47.21] 2022 _—
Total (95% C1) 169 179 100.0% 2.52 [0.75, B.45]
Total events a 60
Heterogeneity: Tau':l ufas; Chr’:_lll-l-'j, df= 2 (P =0,005);F=81% e ah ] o T
Testfor overall effect Z=1.50(P=013) fibrinogen low fibrinogen high
fibrinogen high  fibrinogen low Odds Ratio 0dds Ratio
C Study or Subgroup  Events  Total Events  Total Weight M-H, Random, 95% Cl  Year M-H, Random, 95% CI
Liang ¥J 2021 26 a7 4 68 409% 0.43[0.22,0.83] 2021 ——
Caruntu A 2021 Fil 34 34 53 6% 0.9010.37, 2.200 2021
Inoue A 2022 1 35 10 40 276% 1.38|0.50, 3.78] 2022 —_—T
Total (95% CI) 156 161 100.0% 0.75 [0.37,1.51] e
Total events 1] T8

Heterogeneity, Taw®= 0.20; ChF= 417, di= 2 (F=012), F= 52%
Test for overall effect 2= 0.82 (P=0.41)

0.01 0.1 10 100
Favours [expenimental] Favours [control]

fibrinogen high  fibrinogen low Qdds Ratio Odds Ratio
D Study or Subgroup  Events  Total Events  Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI
Caruniu A 2021 36 46 44 65 32.3% 1.72[0.72 4.11] 201 T
LiangJ 2021 48 a8r 42 68 37.3% 0.76 [0.40, 1.45] 201 ——
Inoue A 2022 18 36 10 46  30.4% 3.60[1.328 9.38] 2022 —
Total {95% CI) 169 179 100.0% 1.59 [0.64, 3.93] g
Total evants 102 96
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Testfor overall effect Z=1.00 (P=032)
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Figure 2 Meta-analysis for the fibrinogen level and clinicopathological parameters in OSCC. Forest plots showing the
correlations between fibrinogen levels and gender (A) , the pT category (B) , lymph node metastasis (C) , and

TNM stage (D) in OSCC.
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Figure 3 Funnel plots for the fibrinogen levels. (A) gender, (B) pathological pT category, (C) lymph node metastasis,

and (D) TNM stage.

lung cancer . In a recent study, preoperative fibrinogen
levels in colorectal cancer were correlated with several
clinicopathological factors, including age, tumor differ-
entiation status, tumor location, pT category, and TNM
stage; moreover, an elevated fibrinogen level was inde-
pendently correlated with poor OS and cancer-specific
survival ¥ . However, no clear conclusions regarding the
relationship between preoperative fibrinogen values and
clinicopathological factors in OSCC have been reached.

In the current study, the preoperative fibrinogen levels
were not associated with the clinicopathological features
of OSCC. Inoue et al. and Caruntu et al. reported high
preoperative fibrinogen levels and the pT category in
0OSCC %, High preoperative fibrinogen levels were de-
tected in many patients with advanced TNM stages in
the studies by Liang et al.; additionally, several cases of
lymph node metastasis due to the high preoperative fi-
brinogen levels were reported ¥ . Furthermore, according
to Liang et al. ¥, high levels of preoperative fibrinogen
were more common in men, but no significant difference
based on sex was observed in the studies by Inoue et al.
and Caruntu et al.®® . Despite the concordant and incon-
sistent reports on the relationship between preoperative
fibrinogen levels and clinicopathological factors, the I?
statistics in all studies showed high or very high hetero-

geneity in OSCC.

One of the limitations of the current meta-analysis was
the difference in the cut-off values that separated the
high and low fibrinogen values in each study. Moreover,
the number of articles included in this meta-analysis was
low, resulting in high heterogeneity and publication bias.
Nevertheless, our results indicate that preoperative fi-
brinogen measurement may not be useful in determining
the treatment strategy. Additional studies using similar
cut-off values and larger sample sizes are necessary to
validate the findings of this study.

Abnormalities in the blood coagulation and fibrinolysis
system are frequently observed in patients with malig-
nant tumors, and these abnormalities are linked to the
progression of DIC and thrombosis . In addition, the
fibrinolysis system affects the growth and metastasis of
malignant tumors '®. Several thrombin-related factors,
such as plasminogen activator inhibitor-1 polymor-
phism ¥, the low-production allele of the VEGF +936C/
T polymorphism '”, coagulation factor XIII'®, and the
1040C/T polymorphism influencing thermal stability and
activity of thrombin activatable fibrinolysis inhibitor ¥,
have been linked to oral carcinogenesis. As previously
described, there are few reports on the relationships of
the blood coagulation and fibrinolysis system with ma-
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lignancy, including studies on fibrinogen in malignant
tumors of the oral region.

V. ConcluSions. ........oovvuniiiiiiii i,

Despite the limitations of this study, no associations of
fibrinogen levels with gender, the pT category, lymph
node metastasis, or TNM stage were observed. None-
theless, further studies on the blood coagulation and
fibrinolysis system, including fibrinogen, are required to
confirm these findings in OSCC.
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ABSTRACT

Partial E is a qualitative mutation of the E antigen that lacks one or more components of the E antigen, and sev-
eral variants have been reported. We report a 72-year-old man having partial E (allele name: RHCE *cEFM) who
expressed alloanti-E antibody after platelet concentrates transfusions. The patient was diagnosed with relapsed
non-Hodgkin’s lymphoma and received salvage chemotherapy. One platelet transfusion was from a donor with the
R1R2 phenotype when he received three rounds of transfusions of 10 units platelet concentrate from February to
April 2009 for myelosuppression by chemotherapy. The patient, who had no history of transfusion prior to 2009,
was sensitized by small amounts of allogeneic red blood cells contaminating platelet concentrates and developed
alloanti-E antibodies. The anti-E antibody was detected in the patient’s serum, and Rh phenotype determination
revealed relatively weak reactivity (24) for a monoclonal anti-E reagent but negative for another one. According
to these results, an E variant phenotype was suspected. Direct sequencing of exon 5 on the RHCE gene revealed
mutations of C to G at nucleotide ¢.697 and A to G at nucleotide ¢.712 in the E allele, resulting in amino acid sub-
stitutions phenylalanine to alanine and methionine to valine, respectively. Combining this result with reactivity
based on an antigen screening test for E antigen using monoclonal antibodies, we classified the patient’s RBC
phenotype as partial E due to RHCE alterations. To our knowledge, this is the first case report of the RHCE rare
variant patient with alloanti-E antibody produced by platelet concentrates transfusions.

(Lab Med Int 2024; 3(3): 66-69)

Rh blood type, E antigen, Partial E blood type, RHD gene

. of partial E in the genetic background. These include a

L Introduction..........oooviiuiiiiiiiiiii e . ) )
single nucleotide exchange T to A at codon 500 in the
Partial E blood type is a rare E variant that lacks some RHCE gene, resulting in amino acid substitution of me-

of the Rh system antigens” . There are at least 5 types thionine to lysine at codon 167 (allele name: RHCE *-
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cEEW) ; replacement of exons 1, 2, and 3 in the RHCE
gene with the RHD gene, resulting in a hybrid RHD-
CE gene (allele name: RHCE*cEKK) ; a rearrangement
of exon 5 in the RHCE gene with the RHD gene; and
amino acid substitutions glutamic acid to glutamine at
codon 233 and methionine to valine at codon 238, re-
sulting in the RHCE-D-CE variant hybrid gene (allele
name: RHCE*cEFM) ; amino acid substitution arginine to
threonine at codon 201, which locates in transmembrane
domain 6, resulting in the RHCE-D-CE rearranged gene
(allele name: RHCE*cIV) ; and a one-base mutation G to
A at codon 461 with amino acid substitution arginine to
threonine at codon 154 in the RHCE gene (allele name:
RHCE*cEKH)?¥.

Here we report the unique clinical course of a non-Hod-
gkin’s lymphoma (NHL) patient who expressed alloan-
ti-E antibodies after platelet transfusion, and the results
of genetic and serological analysis for RhE phenotype.

II. Case and clinical course.............cooeivieeeinn....

In 2009, a seventy-two-year-old man was admitted to
our hospital because of recurrence of NHL. His blood
type was A and RhD positive based on serological tests.
His medical history showed no blood transfusions be-
fore 2009, and in 2006 he tested negative for irregular
antibodies as determined by the low ionic strength solu-
tion-enhanced indirect anti-globulin test (LISS-IAT) and
the polyethylene glycol-enhanced indirect anti-globulin
test (PEG-IAT).

The patient received three rounds of transfusions of 10
units platelet concentrate between February and April
2009 due to myelosuppression caused by chemotherapy;
after these transfusions, he also received red blood cell
(RBC) concentrates because of severe anemia. Screen-
ing for irregular antibodies before RBC transfusion was
conducted and returned a result of positive for anti-E
antibody. Precise examination for Rh phenotypes showed
positive agglutination of RBCs to the following monoclo-
nal antibodies: anti-C (4+) , anti-c (3+), anti-E (w+),
and anti-e (3+), as well as weak activity for monoclonal
anti-E reagent. Reactivity for human type A anti-E sera
was positive (1+)by PEG-IAT, and no reactivity between
the patient’s own RBC and patient serum with anti-E an-
tibody was observed by PEG-IAT.

In 2013 the patient was readmitted to our hospital due
to a second relapse of NHL, at which time he received
salvage chemotherapy. Severe anemia (hemoglobin 5.4
g/dL) was observed so he was given RBC transfusions.
Antibody screening before RBC transfusion showed no
irregular antibodies. Rh phenotype determination re-

vealed relatively weak activity (2+) for monoclonal an-
ti-E reagent (Ortho Bioclone®) and negative activity for
another monoclonal anti-E reagent (Gamma-clone®) . Ac-
cording to these results, an E variant was suspected and
we requested further, more precise, evaluation of RhE
phenotype and genotyping by the Japanese Red Cross
Hokkaido Block Blood Center.

III. Methods. ... oo oo

1. Serological tests

Twenty-three monoclonal anti-E antibodies, which are
approved by the 4" International Workshop on Monoclo-
nal Antibodies Against Human Red Blood Cells and Re-
lated Antigens, were used for evaluation of RhE pheno-
type. RIR2 RBC and rr RBC were used for positive and
negative controls, respectively. Four types of unclassified
partial E RBCs were also analyzed in these assays.
2. Genotyping

Genomic DNA was extracted from whole blood. Specific
primers for exons 3, 4, and 5 of the RHCE gene were de-
signed and genomes amplified by PCR were sequenced.
Primer sets used for the RHCE gene are as follows:
exon 3 sense 5-ATCCTGGCTCTCCTTCTCA-3’, an-
ti-sense 5-CAAGTGATCTTCCCTCCTCAA-3’; exon 4
sense 5 -TGAACTTTCTCCAAGGACCAT-3’, anti-sense
5-AATTTAGCAAACACTACTCAAAGAAG-3’; exon 5
sense 5-GCAACAGAGCAAGAGTCCA-3’, anti-sense
5-GTGACCACCCAGCATTCTT-3.
3. Ethics

This study was approved by the Institutional Review
Board of Saga University Hospital (2020-02-R-11).

IV. ReSUILS. oo i i

1. Serological examinations

The patient’s RBCs showed no reactivity against 13 of
the 23 monoclonal anti-E antibodies examined (Table 1).
They showed reactive patterns that resembled one of the
unclassified partial E RBCs against monoclonal anti-E
antibodies (Table 1).
2. Genotyping

Exons 3 and 4 of the RHCE gene had no mutation. Het-
erozygous mutation peaks were observed at nucleotides
c.676 (Cto G), c.697 (Cto G), and c.712 (A to G) in
the E allele. Among them, the ¢.676C>G (p.Pro226Ala)
mutation is responsible for the expression of e antigen,
which was positive in the patient’ s RBCs. In addition,
the ¢.697C>G and c.712A>G sequences are identical
with the sequences in exon 5 of the RHD gene. These re-
sults suggest that a partial region in exon 5 of the RHCE
gene was substituted into a homologous region in exon 5
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of the RHD gene, resulting in an RHCE-D-CE gene con-

V. DiSCUSSION - - -« vt e ee e et e
taining amino acid substitutions p.GIn233Glu and p.Met-

238Val, producing a partial E phenotype (allele name: In the literature, five types of partial E have been eval-
RHCE*cEFM) (Fig. 1). uated genetically®»? . In addition to the partial E pheno-
type, E¥ (RH11) phenotype—a rare variant form of E

Table 1 Reactive patterns of the patient’s RBCs against various monoclonal anti-E antibodies

Patient PC NC partial E
Laboratory Clone R1IR2 rr EVH2 EVH3 EVH6 EVH7
1 Diagast Laboratoires 907 2+ 3+ 0 3+ 0 0 3+
2 JRC Kanto-Koshinetsu Block Blood Center HIRO-91 0 3+ 0 0 0 w+ w+
3 JRC Kinki Block Center 0SK20-1 0 3+ 0 0 0 3+ 3+
4 EFS - Pays de la Loire NaTH110-1D6 w+ 4+ 0 0 0 w+ 1+
5 EFS - Pays de la Loire NaTH110-1H4 w+ 4+ 0 0 0 w+ 1+
6 Diagast Laboratoires 906 w+ 4+ 0 2+ 0 1+ 4+
7 JRC Hokkaido Block Blood Center HMR37 0 3+ 0 0 0 0 1+
8 Serologicals MS-12 4+ 4+ 0 4+ 0 w+ 3+
9 Biotest AG BS 270 0 4+ 0 0 0 0 2+
10 Biotest AG BS 271 0 4+ 0 0 0 0 0
11 Dominion Biologicals Limited F561 1B11 0 4+ 0 0 0 4+ 2+
12 Dominion Biologicals Limited F5601E9 0 3+ 0 0 0 0 2+
13 JRC Kinki Block Blood Center OSK20 0 3+ 0 0 0 3+ 0
14 Diagast Laboratoires P3x234 0 3+ 0 0 0 0 3+
15 JRC Kanto-Koshinetsu Block Blood Center HIRO-22 4+ 3+ 0 4+ 0 1+ 1+
16 JRC Kanto-Koshinetsu Block Blood Center HIRO-23 0 3+ 0 0 0 0 1+
17 JRC Kanto-Koshinetsu Block Blood Center HIRO-24 w+ 4+ 0 w+ 0 w+ 3+
18 JRC Kanto-Koshinetsu Block Blood Center HIRO-25 4+ 4+ 0 4+ w+ 4+ 4+
19 JRC Kanto-Koshinetsu Block Blood Center HIRO-78 0 4+ 0 0 w+ 0 3+
20 JRC Kinki Block Blood Center 0SK20-2 3+ 3+ 0 2+ 0 0 1+
21 Australian Red Cross Blood Service-NSW  3F10 0 4+ 0 0 0 3+ 2+
22 Australian Red Cross Blood Service-NSW  4C8 0 3+ 0 0 0 3+ 2+
23 Biotest AG BS 272 2+ 4+ 0 3+ 2+ 3+ 3+
PC: positive control NC: negative control

Refseq c.671 C. 700 C. 720

RHCE (E) : lACTCT CTCTGCTGAGAAGTCCAAT CEAAAGGAAGAATGCCBTGTTCAAC

RHCE (e): —===—======mmmmmmm @ i ————————

RHD: W ————— B ——— e i i i @-————————————— g-——————

Patient seq c.676C/G c.697C/G c.712A/G

RHCE:: ACTCTECTCTGC TGAGAAGTCCAATCEAAAGGAAGAATGCCITGTTCAAC

Figure 1 Three heterozygous peaks were observed in the patient RHCE exon5. The upper panel indicates a part of
reference sequence of RHCE (NM_020485.5) and RHD (NM_016124.4) exon5. Gray background at ¢.676 in
RHCE is responsible for the expression of e or E antigen. Black background at ¢.697 and c¢.712 means different
nucleotide between RHCE and RHD. Hyphen in the RHD sequence and the RHCE (e) sequence indicates
homology with the RHCE (E) sequence. We analyzed the patient sequence of RHCE exon3, 4 and 5 by using
genomic DNA from whole blood and specific primers. The lower panel indicates a part of the direct sequence
data of RHCE (from c.671 to ¢.720) of the patient. White asterisks in black background (c.676, c.697 and ¢.712)
represents the heterozygous peak of patient RHCE exonb.
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antigen showing unique reactivity against anti-E antibod-
ies—has been reported, and an individual carrying the
E¥ (RH11) produced alloanti-E antibodies®®.

Our patient expressed alloanti-E antibody in his sera
after being given platelet transfusions. The appearance
of irregular antibodies to allo-RBCs after transfusions
with platelet concentrates has been reported in several
cases?19, Our patient received platelets from a donor
who was carrying the R1R2 phenotype, suggesting that
the patient was sensitized by small amounts of allo-RBCs
contaminating the platelet concentrates. The subtype of
detected anti-E antibody in the patient could not be de-
termined conclusively, but was probably IgG because the
antibody was negative for assay with saline and positive
(1+) for PEG-IAT. Furthermore, no reactivity between
the patient’s own RBCs and patient serum with anti-E
antibodies was observed by PEG-IAT, suggesting that the
anti-E antibody was induced by allo-RBCs. In the present
case, since anti-E has been detected, the appropriate re-
sponse is to transfuse E antigen-negative red blood cell
products.

In summary, we report a rare variant of Rh E antigen,
partial E (allele name: RHCE*cEFM) . This is the first
case report of partial E (RHCE*cEFM) genetically con-
firmed in a Japanese patient with alloanti-E antibody.
Our case possesses alloanti-E antibodies to the deficient
part of the E antigen, possibly due to exposure from
allo-RBCs expressing the E antigen in platelet concen-
trates. Testing with multiple monoclonal anti-E reagents
or RHCE gene analysis is important if the reaction with
the monoclonal anti-E reagent is weak because of the
possibility of partial E.
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ABSTRACT

to possible differences in target sequences.

LAMP without RNA extraction.

RNA extraction could improve its efficacy.

Aims: The Omicron variant of SARS-CoV-2 spreads more rapidly than ancestral lineages. Reverse-transcription
loop-mediated isothermal amplification (RT-LAMP) provides results more rapidly than reverse-transcription
polymerase chain reaction (RT-PCR). However, the reliability in detecting omicrons variant is still unclear due

Methods: Fifty-one saliva specimens, which were positive for the Omicron variant SARS-CoV-2 by real-time
RT-PCR and sequencing of the S region, were subjects for this study. The RT-LAMP assay was performed using
the Loopamp SARS-CoV-2 detection kit with (n=51) or without it (n=50).

Results: The RT-LAMP assay following RNA extraction from saliva specimens had a sensitivity of 100% (95%CI:
93.0-100.0%) with 0.969 Kendall’s coefficient of concordance between LAMP threshold time and PCR cycle
threshold value. Forty-five of fifty (90.0%, 95%CI: 78.2-96.7%) specimens positive were also positive by RT-

Conclusions: The Omicron variant was effectively detected in saliva by RT-LAMP using saliva specimens and

(Lab Med Int 2024; 3(3): 70-73)

SARS-CoV-2, Omicron, loop-mediated isothermal amplification, saliva

L INtroduction.....ccceeeeeeeeeeeeeiieiiieieeeeeeeeeeeeeeeseesssesssesnnnes

Omicron is the variant of concern (VOC) with multiple
S-gene mutations conferring high transmissibility in the
population and is now the predominant SARS-CoV-2 vari-
ant worldwide V% . Because incubation period of this VOC

is only two to three days compared to four to five days for
Alpha and Delta variants ¥, detection methods were de-
manded in a short reaction time for rapid decision making
and quantitative reverse transcription-polymerase chain
reaction (RT-PCR), the “gold standard” of viral detec-
tion, may be too long¥-?.
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Reverse transcription-loop-mediated isothermal ampli-
fication (RT-LAMP) tests offer results in thirty minutes,
with additional benefits of lower economic burden and
laboratory independent point-of-care diagnosis. Howev-
er, most studies using RT-LAMP for detection of SARS-
CoV-2 were performed prior to the emergence of Omi-
cron, and its utility in detecting this VOC remains to be
scrutinized.

This study was designed prospectively to evaluate the
detection of Omicron using the Loopamp 2019-SARS-
CoV-2 Detection Kit (Eiken Chemical, Tokyo, Japan) ,
which is a RT-LAMP targeting the N and RdRp genes of
SARS-CoV-2 RNA. According to the database of Stanford
University, Alpha, Beta, Gamma, Delta, and Omicron all
have the P323L mutation in the RARP gene, while the
G671S mutation is only found in Delta and Omicron. Mu-
tations in the N gene are highly variable among the five
VOCs. Considering further variation in the sublineages of
Omicron, these and other mutations question the utility
of current detection methods.

Self-collected saliva is as effective as nasopharyngeal
swabs, making major strides in any type of screening
with expedited specimen collection with less cost and ef-
fort V1V, Rapid detection of the virus by RT-LAMP using
self-collected saliva may help reduce the spread of the
Omicron.

II. Materials and methods........cccceeeeeeeeeereererrrrnnnennnne

We used self-collected saliva as test specimens since
numerous reports have demonstrated equivalent results
compared with nasopharyngeal swabs, with expedited
specimen collection more suitable for real world im-
plementation ”'V. Saliva specimens are consecutively
collected from hospitalized patients with COVID-19,
symptomatic persons, and asymptomatic persons that
have been in close contact with COVID-19 patients at
Hokkaido University Hospital. This study was approved
by the Institutional Ethics Board (Hokkaido University
Hospital Division of Clinical Research Administration
Number: 020-0116) and informed consent was obtained
from all individuals orally to avoid spreading of the virus.
This study was conducted in accordance with the Decla-
ration of Helsinki and Ethical Guidelines for Medical and
Biological Research Involving Human Subjects.

Saliva specimens were self-collected as described pre-
viously . 200 uL of saliva was added to 600 pL PBS
and stored at -20°C. Frozen specimens were thawed and
centrifuged at 20,000 X g for 5 minutes at 4°C to remove
debris. Total RNA was extracted from 140 uL of the super-
natant by adding 50 uL of elution buffer with QIAamp Viral

RNA Mini Kit (Qiagen, Hilden, Germany) . TRexGeneTM
SARS-CoV-2 detection kit (Toyobo, Osaka, Japan) was
used; 10 uL of extracted specimens were mixed with 40 L
of reaction reagent containing polymerase, dNTP, primers,
and probes. Multiplex RT-PCR was performed with Light-
Cycler 96 system (Roche, Basel, Switzerland) at 42°C for
5 minutes for reverse transcription, at 95°C for 10 seconds
for the initial denaturation, and 45 cycles of PCR at 95°C
for 5 seconds for the denature and 60°C for 30 seconds for
the annealing and extension. Primers of 2019-nCoV-N1-F
(5"-GACCCCAAAATCAGCGAAAT-3’), 2019-nCoV-
N1-R (5°-TCTGGTTACTGCCAGTTGAATCTG-3’),
NIID-2019-nCoV-N-F2 (5’ -AAATTTTGGGGACCAG-
GAAC-3’), and 2019-nCoV-N2-R (5’-GCGCGACAT-
TCCGAAGAA-3’) and probes of 2019-nCoV-N1-P
(5" -Cy5-ACCCCGCATTACGTTTGGTGGACC-BHQ2-3")
and 2019-nCoV_N2-P (5’ -ROX-ACAATTTGCCCCCAG-
CGCTTCAG-BHQ2-3’) were described in the US CDC’s
“2019-Novel Coronavirus Real-time RT-PCR Panel Primers
and Probes” and the National Institute of Infectious Diseas-
es’s “pathogen detection manual 2019-nCoV ver.2.9.1” 1.
Positivity was defined as N1 and/or N2 Ct values less than
40, with the smaller value adopted as the result.

SARS-CoV-2 variants were screened by Sanger sequenc-
ing method. Briefly, 100 uL of saliva specimens were ho-
mogenized in 300 uL of Isogen-LS (NIPPON GENE, To-
kyo) and 80 uL of chloroform was added, then centrifuged.
Following isopropanol precipitation of aqueous phase, the
final pellet was dissolved in 40 uL of RNase free water,
and cDNA was made using the QuantiTect Reverse Tran-
scription Kit (Qiagen) according to the manufacturer’s
instructions. To amplify a DNA fragment of the spike gene,
a high-efficiency and fidelity DNA Polymerase KOD FX
Neo PCR enzyme (Toyobo) was used with primer sets;
CS 1F (5’ -TTGTTTTTCTTGTTTTATTGCCACT-3")
and CS_1IR (5"-CCCTGTTTTCCTTCAAGGTCC-3’),
or N1S_4F (5 -TGGTGGACAGCCTTTGTTACT-3")
and N1S 4R (5’ -TCAAGTGCACAGTCTACAGCAT-3’),
resulting a 547 and a 1221 base pair (bp) fragments re-
spectively. PCR was performed using a T100 Thermal
Cycler (BIO-RAD) with a temperature profile of 2 min-
utes at 94°C followed by 45 cycles of 10 seconds at 98°C,
10 seconds at 58°C, and 30 seconds at 72°C. The amplified
fragments were purified using Wizard SV Gel and PCR
Clean-Up System (Promega, Madison, WI, USA) , then
sequenced with Big Dye Terminator kit v3.1 (Applied Bio-
systems, Foster City, CA, USA) with primer G_1R (TA-
AGTAGGGACTGGGTCTTCG) , which was on the con-
served sequences for all variants. The resulting sequence
was analyzed for genotypes.
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RT-LAMP with RNA extraction was carried out to
detect SARS-CoV-2 RNA using Loopamp 2019-SARS-
CoV-2 Detection Kit (Eiken Chemical). 10 uL of the
RNA specimen extracted with QIAamp Viral RNA Mini
Kit (Qiagen) and 15 pL of Primer Mix containing SARS-
CoV-2 specific primers was dispensed into a reaction
tube with dried amplification reagents including Bst DNA
polymerase and AMV reverse transcriptase. This tube
was incubated at 62.5°C with turbidity readings at 650 nm
and monitored for 35 minutes using the Loopamp Re-
al-time Turbidimeter (Eiken Chemical). When turbidity
was increased within the reaction time, specimen was
interpreted as a positive. We defined RT-PCR diagnosis
as the gold standard test. Sensitivity was calculated for
RT-LAMP with 95% Clopper-Pearson exact confidence
interval. All statistical analyses were conducted by R 4.1.1
(R Core Team, Vienna, Austria).

II1. Results

Sixty saliva specimens showing RT-PCR positivity for
SARS-CoV-2 collected from Jan 21 to Mar 7, 2022, were
subjects of this research. Among them, SARS-CoV-2
was identified as Omicron BA.1 by Sanger sequencing
method in 51 specimens. The remaining nine specimens
were unable to be sequenced due to the small amount
of RNA recovery. Fifty-one RT-PCR positive specimens
that were detected both N1 and N2 PCR amplification
were obtained from 37 symptomatic individuals and 14
asymptomatic individuals. There were 24 male and 27
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female patients, with a median age of 41 (range, 15-77) .
In symptomatic individuals, the median time of sampling
was 2 days (range, 1-22 days) after symptom onset. In
the controls, we also analyzed 60 RT-PCR negative spec-
imens, detected neither N1 nor N2 PCR amplification, by
RT-LAMP.

The utility of RT-PCR and RT-LAMP following RNA
extraction (extracted RT-LAMP) were compared using
the freeze-thaw specimens (Figure 1A). The sensitivity
of the extracted RT-LAMP was 100.0% (95%CI: 93.0—
100.0%) . Kendall’s coefficient of concordance W between
cycle threshold (Ct) values of RT-PCR and the RT-LAMP
threshold time values was 0.969, indicating high correla-
tion (Figure 1A). The median RT-LAMP threshold time
was 774 sec (range: 618-1086 sec) . All sixty RT-PCR neg-
ative specimens were negative by RT-LAMP.

We also compared the utility of RT-LAMP in specimens
with and without RNA extraction (direct RT-LAMP)
using twice freeze-thaw specimens (Figure 1B). For di-
rect RT-LAMP, 100 uL of saliva was mixed with 4 mL of
Loopamp Viral RNA Extraction Reagent (Eiken Chemi-
cal). 15 pL of Primer Mix (Eiken Chemical) was added
to 10 pL of the mixture before performing RT-LAMP as
described above.

In 51 specimens, one specimen could not be examined
due to lack of saliva volume. Forty-five of fifty (90.0%,
95%CI: 78.2-96.7%) direct RT-LAMP were positively
detected by extracted RT-LAMP. The LAMP threshold
times showed excellent correlation with Kendall’s W as
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Figure 1 Performance of RT-LAMP using RT-PCR positive saliva specimens with Omicron.
(A) The correlation between the Ct values of RT-PCR and the threshold time values (sec) of RT-LAMP using RNA ex-
tracted from the saliva specimens is shown by a scatter plot and Kendall’s coefficient of concordance W for RT-PCR

positive specimens.

(B) The correlation of the threshold time values (sec) between RT-LAMP with and without RNA extraction from saliva
specimens is shown by a scatter plot and Kendall’s coefficient of concordance W for RT-PCR positive specimens.
Twice freeze-thaw specimens were used. SARS-CoV-2 was undetectable in 5 specimens by RT-LAMP without RNA

extraction.
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0.969 (Figure 1B). Although the specimens underwent
freeze-thaw once (Figure 1A) or twice (Figure 1B),
all specimens were found to be positive by the extracted
RT-LAMP.

IV, DiSCUSSION ...cceiiiieiiereiiieirerieererereererrrsnnsnsssssssssssenes

We recently demonstrated RT-LAMP to be a reliable
alternative to RT-PCR albeit in a study conducted prior to
the emergence of Omicron?. In addition, sensitivity of RT-
LAMP with target N and E genes was high and specific for
Omicron ™. In this study, we chose the RT-PCR and RT-
LAMP detection kits that have been used before Omicron
without primer changes. First of all, we proved the RT-
PCR efficiency to detect Omicron with 51 specimens that
were certified Omicron by Sanger sequencing method.
Then, we confirmed that all 51 specimens were deter-
mined as positive by the RT-LAMP detection kit. Com-
paring direct and extracted RT-LAMP, the latter method
showed a slightly lower detection rate, most likely due to
higher concentrations of viral RNA resulting from the ex-
traction method. RT-LAMP has already been implemented
in combination with chemiluminescent enzyme immuno-
assay at Japanese airport quarantines using self-collected
saliva specimens, facilitating expeditious processing of
international travelers with all tests performed at points of
care. Our results demonstrate that Omicron can be effec-
tively detected in saliva using RT-LAMP,

Conflict of interest
Loopamp Real-time Turbhidimeter were supplied by Eik-
en Chemical (Tokyo, Japan).

Funding sources

This study was supported by Japan Agency for Medical
Research and Development (AMED) under Grant Num-
ber JP 20fk0108471 and 21fk0108489.

ICMJE statement: S. Oguri, S. Iwasaki, K. Murakami,
K. Tanaka, K. Hayasaka, S. Fujisawa, S. C. Watanabe,
Konno, M. Murakami: Acquisition, analysis, and inter-
pretation of data: T. Inao, I. Yokota: Statistical analysis,
writing of the manuscript: T. Teshima: Chief investigator,
Conceptualization, writing of the manuscript. All the
authors contributed to the writing of the final manuscript
and meet the ICMJE authorship criteria.

References
1)Karim SSA, Karim QA. Omicron SARS-CoV-2 variant: a
new chapter in the COVID-19 pandemic. Lancet 2021; 398
(10317): 2126-28.

2)Volz E, Mishra S, Chand M, et al. Assessing transmissibility
of SARS-CoV-2 lineage B.1.1.7 in England. Nature 2021; 593
(7858) : 266-9.

3) Brandal LT, MacDonald E, Veneti L, et al. Outbreak caused
by the SARS-CoV-2 Omicron variant in Norway, November
to December 2021. Euro Surveill 2021; 26 (50): 2101147.

4)Nagura-Ikeda M, Imai K, Tabata S, et al. Clinical eval-
uation of self-collected saliva by Quantitative Reverse
Transcription-PCR (RT-qPCR), direct RT-gPCR, Reverse
Transcription-Loop-Mediated Isothermal Amplification, and
a rapid antigen test to diagnose COVID-19. J Clin Microbiol
2020; 58 (9): €01438-20.

5) Hirotsu Y, Maejima M, Shibusawa M, et al. Comparison of
automated SARS-CoV-2 antigen test for COVID-19 infection
with quantitative RT-PCR using 313 nasopharyngeal swabs,
including from seven serially followed patients. Int J Infect
Dis 2020; 99: 397-402.

6) Yokota I, Shane PY, Okada K, et al. A novel strategy for
SARS-CoV-2 mass screening with quantitative antigen test-
ing of saliva: a diagnostic accuracy study. Lancet Microbe
2021; 2 (8): €397-e404.

7)Wyllie AL, Fournier J, Casanovas-Massana A, et al. Saliva
or Nasopharyngeal Swab Specimens for Detection of SARS-
CoV-2. N Engl ] Med 2020; 383 (13): 1283-6.

8)Yokota I, Shane PY, Okada K, et al. Mass Screening of
Asymptomatic Persons for Severe Acute Respiratory Syn-
drome Coronavirus 2 Using Saliva. Clin Infect Dis 2021; 73
(3): €559-65.

9) Bastos ML, Perlman-Arrow S, Menzies D, et al. The Sensi-
tivity and Costs of Testing for SARS-CoV-2 Infection With
Saliva Versus Nasopharyngeal Swabs : A Systematic Review
and Meta-analysis. Ann Intern Med 2021; 174 (4) : 501-10.

10) Yokota I, Hattori T, Shane PY, et al. Equivalent SARS-CoV-2
viral loads by PCR between nasopharyngeal swab and saliva
in symptomatic patients. Sci Rep 2021; 11 (1) : 4500.

11) Butler-Laporte G, Lawandi A, Schiller I, et al. Comparison of
Saliva and Nasopharyngeal Swab Nucleic Acid Amplification
Testing for Detection of SARS-CoV-2: A Systematic Review
and Meta-analysis. JAMA Intern Med 2021; 181 (3) : 353-60.

12) Iwasaki S, Fujisawa S, Nakakubo S, et al. Comparison of
SARS-CoV-2 detection in nasopharyngeal swab and saliva. ]
Infect 2020; 81 (2): €145-7.

13) Shirato K, Nao N, Katano H, et al. Development of Genetic
Diagnostic Methods for Detection for Novel Coronavirus
2019 (nCoV-2019) in Japan. Jpn J Infect Dis 2020; 73 (4) :
304-7.

14) Almeida LT, Gongalves AB, Franco-Luiz APM, et al. Molec-
ular detection of omicron SARS-CoV-2 variant is achieved by
RT-LAMP despite genomic mutations. Mem Inst Oswaldo
Cruz 2022; 117: €220050.



| Laboratory Medicine International | 3 (3) | 2024 |

Sonographic findings of malignant peripheral
nerve sheath tumors — case series —

Maiko Osaka™’, 1Tomonori Kishino, **%°, Naoko Shimamori*!, Satsuki Matsushima®?,
Satoko Yamasaki*"?, Kouki Ohtsuka®*"?, Hiroki Yasudo*"? Takeshi Morii*?,

Junyji Shibahara™°, Takashi Watanabe*®, Hiroaki Ohnishi*!?

tCorrespondence: Kyorin University Faculty of Health Sciences, 5-4-1 Shimorenjaku, Mitaka, Tokyo 181-8612, Japan
E-mail: kishino@ks.kyorin-u.ac.jp
Received April 28, 2023; accepted June 8, 2024

*1 Department of Clinical Laboratory, Kyorin University Hospital, Tokyo, Japan

*2 Department of Laboratory Medicine, Kyorin University School of Medicine, Tokyo, Japan

*3 Department of Clinical Engineering, Kyorin University Faculty of Health Sciences, Tokyo, Japan

*4 Department of Orthopaedic Surgery, Kyorin University School of Medicine, Tokyo, Japan

*5 Department of Pathology, Kyorin University School of Medicine, Tokyo, Japan

*6 President, Kyorin University, Tokyo, Japan

ABSTRACT

Purpose: Malignant peripheral nerve sheath tumor (MPNST) is a sarcoma deriving from peripheral nerves,
accounting for 3-10% of all malignant soft tissue tumors. Around half of cases develop secondary to neurofibro-
matosis type 1 (NF1). While magnetic resonance imaging has been considered the best imaging modality for
diagnosing MPNST, the efficacy of sonography has not been precisely investigated. The present study therefore
aimed to clarify the sonographic findings for this rare entity in a case series.

Methods: Sonographic findings of four cases with MPNST that had been diagnosed by histopathological studies
of specimens obtained via biopsy or surgical resection in our hospital between 2013 and 2023 were evaluated.
Age range was 51-56 years and three of the four patients were male. MPNST developed secondary to NF1 in
three cases, and the tumors had developed in the thigh and retroperitoneum in two cases each. All cases showed
rapid tumor growth within 1 year.

Results: The MPNSTs were large masses appearing hypervascular on Doppler images. Although shapes and
contours varied, MPNSTs were depicted as heterogeneously hypoechoic masses with well-defined margins. The
well-defined margin is distinct from findings observed in most malignant soft-tissue tumors.

Conclusion: Development of MPNST should be considered when a well-defined margin is observed on sonogra-
phy of rapidly growing masses in soft tissues, particularly in patients with NF1. (Lab Med Int 2024; 3(3): 74-83]

malignant peripheral nerve sheath tumor (MPNST), soft-tissue tumor, sonography, well-defined margin

I Introduction.............covviuniiiiiiiiiiiiiaiineannn.

Malignant peripheral nerve sheath tumor (MPNST) is
a sarcoma deriving from peripheral nerves, accounting
for 3-10% of all malignant soft-tissue tumors V-*'. Around
50% of MPNSTs occur as transformation from neurofibro-
ma in patients with neurofibromatosis type 1 (NF1) , also
known as von Recklinghausen’s disease, an autosomal

dominant disorder ¥®. Conversely, around 5-15% of pa-
tients with NF1 develop MPNST. About 10% of MPNSTs
arise in the setting of prior radiation therapy, and the
remaining up to 50% of MPNST arise de novo from the
peripheral nerve sheath®. Common sites of development
are the extremities and trunk, followed by the head and
neck, with poor prognosis due to the high malignancy in
terms of local recurrence and hematogenous metastasis.
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Imaging examinations are therefore essential for differ-
entiation from benign tumors and other soft-tissue ma-
lignancies. Magnetic resonance imaging (MRI) in com-
bination with 18F-fluorodeoxyglucose positron emission
tomography (PET) has been a gold standard imaging
modality to distinguish MPNST from benign peripheral
nerve sheath tumors (PNSTs) such as neurofibroma V7%,
Meanwhile, sonography has been utilized as an initial
imaging modality for screening examinations, taking
advantage of its ready accessibility, non-invasiveness
and inexpensiveness. We have reported that malignant
soft tissue tumors generally appear as a large mass with
ill-defined margins and hypervascularity on sonography ?.
However, the appearance of the MPNST margin on imag-
ing has reportedly varied among studies. A cohort study
utilizing sonography found that MPNST presented with
an ill-defined margin . In contrast, MPNST exhibits
well-defined or partially ill-defined margins on MRI when
compared with non-neurogenic malignant soft tissue tu-
mors V. The present study therefore aimed to clarify the
features of MPNST on sonography using findings from a
case series.

II. MATERIALS AND METHODS ....................

Institutional case series

MPNST cases pathologically diagnosed in our hospital
from October 2013 to December 2023 were included
in the present study. Only cases in which sonographic
examinations had been performed before surgery or bi-
opsy were included. Cases in which chemotherapy and/
or radiation therapy were performed before imaging
examinations were excluded. In this period, four cases
with MPNST meeting these requirements were identi-
fied. This study was approved by the ethics committee
at our institute (approval no. 1956) and performed in
accordance with the ethical standards formulated in the
Declaration of Helsinki and its revisions. The aim, signif-
icance, and protocol of the study were disclosed on the
website of our hospital and made available to the pub-
lic (https://www.kyorin-u.ac.jp/hospital/clinic/support02/
pdf/support02_optout202209.pdf) . Patients were assured
of the right to opt out of the use of their data at any time
if they declared to the institution their decision not to be
integrated into the study. All study procedures met the
requirements of the Ethical Guidelines for Medical and
Health Research Involving Human Subjects of the Japa-
nese government.
Sonographic examination

Sonographic examinations were performed using an
Aplio500 ultrasound system (Canon Medical Systems

Corporation, Tochigi, Japan), with the combination
of a 3.5-MHz convex-array transducer and an 8.0- or
10.0-MHz linear-array transducer. Examinations were
performed by one of the sonographers with more than
10 years of experience and specializing in sonographic
examination in our hospital. Tumor location, shape, size,
margin, echogenicity, and texture were evaluated on gray-
scale images, and vascularity was evaluated on images
from Doppler sonography ?# ¥, All sonographic findings
other than tumor size were evaluated independently on
the basis of preserved images in the sonographic machine
by two sonographers certified as experts on soft-tissue
sonography by The Japan Society of Ultrasonics in Medi-
cine. Both sonographers were blinded to histology, then a
consensus was reached 1319,

III. RESULTS ...

Case 1

A 51-year-old man had been diagnosed with NF1 based
on the development of multiple neurofibromas on his
body at another clinic. He complained of rapid growth of
a lesion in the left thigh from 3 cm to 20 cm in the last 6
months, accompanied by neurological symptoms of lum-
bago. Sonographic examination in our hospital revealed a
hypoechoic oval mass with a maximum diameter of 210
mm in the muscle layer of the left thigh (Figure 1a, b).
Although the margin was well-defined and the contour
was regular, textures in the tumor were heterogeneous
intermingled with anechoic areas. Doppler sonography
showed moderate vascularity at the tumor periphery.
MRI also showed a relatively well-demarcated mass
measuring 200 X 85 X 70 mm across the left rectus
femoris and sartorius muscles. The mass exhibited sig-
nal hypointensity compared with surrounding muscle
on T1-weighted imaging, and heterogeneous signal hy-
perintensity on T2-weighted imaging (Figure 2a, b).
Contrast-enhanced MRI demonstrated heterogeneous
enhancement at the tumor periphery, but no enhance-
ment at the center of the tumor suggestive of liquid com-
ponents was observed. Macroscopic examination of the
resected tumor revealed a nodular lesion with necrosis
and hemorrhage. Microscopically, the lesion showed fas-
cicular growth of atypical spindle tumor cells with alter-
nating hyper- and hypocellular areas (Figure 3a). Tumor
cells were focally immunoreactive to S-100 and exhibited
partial skeletal muscle differentiation ® . Mitotic figures
were present at a rate of 20-25 per 10 high-power fields.
These findings led to a diagnosis of MPNST with skeletal
muscle differentiation (malignant triton tumor).
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Case 2

A 56-year-old man with no history of NF1 presented with
a 10-year history of a mass in the right thigh. The mass
had increased in size over the last 6 months, causing right
leg pain. Sonographic examination revealed a hypoechoic,
lobular mass measuring 97 mm in diameter, with partial
hyperechoic areas in the muscle layer of the right thigh
(Figure 1c, d) . Although the margin was well-defined, the
internal texture was heterogeneous. Doppler sonography

showed hypervascularity mainly in the center of the mass.
MRI also showed a mass measuring 90 X 70 X 60 mm
in the adductor longus muscle (Figure 2c, d). The mass
exhibited signal isointensity as compared with surrounding
muscle on T1-weighted imaging, and heterogeneous signal
hyperintensity on T2-weighted imaging. The mass was
biopsied, revealing a lesion comprising fascicular growth
of atypical spindle cells (Figure 3b). Mitotic figures were
present at a rate of 20-25 per 10 high-power fields. On im-

Figure 1
a, b) The tumor presents as an oval mass, 210 mm in maximal diameter on sonography. The mass exhibits heterogeneous
hypoechoic intermingled with anechoic areas. The margin is well-defined. Doppler sonography shows moderate vas-

cularity at the tumor periphery.

¢, d) The tumor presents as a lobulated mass, 97 mm in size on sonography. The mass appears heterogeneously hy-
poechoic. The margin of the mass, however, is well-defined. Doppler sonography shows hypervascularity, mainly in

the center of the mass.

e, f) The tumor presents as a rounded mass, 119 mm in diameter on sonography. The mass exhibits intermingled hetero-
geneous hypoechoic and anechoic areas. The margin of the mass is well-defined. Doppler sonography shows hyper-

vascularity with internal vessels.

g, h) The tumor presents as two irregular masses measuring 144 mm and 128 mm on sonography, which thereafter
turned out to be one connected lesion. The mass appears heterogeneously hypoechoic. The margin of the mass is,
however, well-defined. Doppler sonography shows hypervascularity with internal vessels.
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munohistochemistry, the tumor exhibited focal reactivity
to S-100 and loss of H3K27me3 ¥, These findings led to
a diagnosis of MPNST.
Case 3

A 56-year-old man had a history of lower limb amputation
due to NF1. He recognized a rapidly growing abdominal
mass within the preceding year. Sonographic examination
at our hospital revealed three hypoechoic, rounded mass-

es with diameters of 119 mm, 60 mm and 48 mm. The
rapidly growing mass was considered to correspond to
the 119-mm lesion (Figure le, f). Although the margin
was well-defined and the contour was regular, textures
in the tumor were intermingled with heterogeneous and
anechoic areas. Doppler sonography showed hypervascu-
larity with internal vessels. MRI showed a fusiform mass
suggestive of neurogenic tumor in the retroperitoneum,

Figure 2
a, b) MRI shows a relatively well-demarcated mass measuring 200 X 85 X 70 mm across the left rectus femoris and
sartorius muscles. The mass exhibits signal hypointensity as compared with surrounding muscle on T1-weighted
imaging, and heterogeneous signal hyperintensity on T2-weighted imaging.
¢, d) MRI shows a mass measuring 90 X 70 X 60 mm in the adductor longus muscle. The mass exhibits signal isointen-
sity as compared with the surrounding muscle on T1-weighted imaging, and heterogeneous signal hyperintensity on

T2-weighted imaging.

e, f) MRI shows a fusiform mass suggesting a neurogenic tumor, 115 X 95 X 85 mm, in the retroperitoneum and ventral
to the right iliopsoas muscle. The mass exhibits signal hypo- and isointensity as compared with surrounding muscle
on T1-weighted imaging, and heterogeneous signal hyperintensity intermingled with signal hypointense septa on

T2-weighted imaging.

g, h) MRI shows a mass, 160 X 110 mm, in the left retroperitoneum, including erector spinae muscles. The mass ex-
hibits heterogeneous hypo- to isointensity as compared with abdominal fat or muscle on T1-weighted imaging, and
heterogeneous isointensity intermingled by signal hyperintensity on T2-weighted imaging.
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measuring 115 X 95 X 85 mm and ventral to the right
iliopsoas muscle (Figure 2e, f). The mass exhibited
signal hypo- to isointensity compared with surrounding
muscle on T1-weighted imaging, and heterogeneous sig-
nal hyperintensity intermingled with signal hypointense
septa on T2-weighted imaging. Contrast-enhanced MRI
showed increased enhancement at the tumor periphery
in the early phase of enhancement and much more en-
hancement in the late phase of enhancement. A biopsy
specimen obtained from the largest mass revealed mitot-

ic figures at a rate of over 50 per 10 high-power fields and
intermingled necrotic regions, leading to a final diagnosis
of MPNST composing highly atypical tumor cells (ana-
plastic MPNST) (Figure 3c).
Case 4

A 55-year-old woman with NF1 had been suffering from
lumbago for 1 year. A mass was identified from the back to
retroperitoneum. Sonographic examination in our hospital
revealed two irregular, hypoechoic masses with maximum
diameters of 144 mm and 128 mm (Figure 1g, h). Al-

Figure 3
a) Spindle tumor cells show fascicular growth with focal skeletal muscle differentiation (arrows) (hematoxylin and eosin

(HE) stain).

b) Atypical spindle cells proliferate in a fascicular pattern (HE stain).

¢) The cellular tumor exhibits high-grade nuclear atypia (HE stain).

d) Spindle-shaped tumor cells show fascicular growth (HE stain).

Spindle cell sarcomas with alternating cellularity and brisk mitotic activity, typical of the pathology in MPNST, are present
in all cases. No differences are apparent between a) and b) or d) other than the focal skeletal muscle differentiation in
a) . Although c) represents a so-called ‘anaplastic MPNST’ , all four cases correspond to high-grade MPNST comprising

sarcoma with high cellularity.
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Table 1 Sonographic findings of malignant and benign neurogenic tumors, including the present 4 cases of MPNST

Malignant soft
tissue tumors in
general

MPNST: 4 cases in MPNST: cases

the present study

reported with sono-

graphic findings

Neurofibroma

Schwannoma
(=Neurilemoma)

Maximal diam- = 46 mm; >50 mm

210 mm; 97 mm;

mean 56 mm (42-110

mean 22 mm (2-49

< 50 mm

eter 119 mm; >144 mm  mm)large (but not de- mm)
scribed) ; 50 mm
Location thigh; thigh; thigh;
retroperitoneum; retroperitoneum
retroperitoneum
Shape irregular or lobulated oval; lobulated; elongated; fusiform;  oval; extensive oval > lobulated;
round; irregular irregular lobulated; serpentine peripheral nerve en-
and partly oval in tering and exiting
plexiform tumors
Margin ill-defined well-defined ill-defined; well-de- well-defined; ill-de-  well-defined
fined; range from fined
well-defined to infil-
trating
Echogenicity  hypo, iso or hyper  hypo hypo hypo hypo
Texture heterogeneous heterogeneous heterogeneous (with  homogeneous; more homogeneous but het-
necrosis, hemorrhage heterogeneous than  erogenous due to de-
and/or calcification)  schwannomas generationin ‘ancient’
(larger) tumors
Vascularity hyper hyper hyper; intrinsic anar- hypo hyper
chic vascular pattern
with spectral wave-
form; flow within
cystic area; stenosis,
occlusion, trifurcation
and archaic vascular
pattern
Posterior (not described) not detected present present present
enhancement
Target sign (not described) absent rarely present present present; rarely
(hyperechoic present
central area
with hypoechoic
periphery)

Abbreviation: MPNST, malignant peripheral nerve sheath tumor.

though the margins were well-defined, the contours were
irregular and textures in the tumors were heterogeneous.
Doppler sonography showed hyper-vascularity with in-
ternal vessels. MRI showed a mass measuring 160 X
110 mm in the left retroperitoneum that had invaded both
the erector spinae muscles and the spinal canal (Figure
2g, h). The mass exhibited heterogeneous hypo- to iso-
intensity as compared with abdominal fat or muscle on
T1-weighted imaging, and heterogeneous isointensity
intermingled by signal hyperintensity suggesting hem-
orrhagic necrosis on T2-weghted imaging. While sono-
graphic examination depicted the mass as two lesions,
MRI showed that these lesions were connected. A biopsy
specimen from the mass revealed mitotic figures present
at a rate of 15 per 10 high-power fields, and diagnosed as
a MPNST (Figure 3d).

III. DISCUSSION......ccoo

MPNSTs are histologically classified into four subtypes:
conventional, malignant triton tumor, glandular, and
epithelioid types® ® 117 Conventional MPNST is the
most common, accounting for 80-85% of MPNSTs. The
remaining 15% comprise the other three subtypes with
various differentiations. Malignant triton tumor defined
as MPNST with rhabdomyoblastic differentiation as
seen in Case 1 of the present study accounts for 5% of
MPNSTs and exhibits aggressive behavior with poor out-
comes as compared with conventional MPNST ¥, Cases
1 and 2 finally underwent surgical resection. Although
the contour was regular or lobular in each tumor, the
margins were well-defined on sonography (Figure la-c;
Table 1), which represented nodular lesions macroscop-
ically. Cases 3 and 4 were pathologically diagnosed from
the biopsied specimens. Although the contours of Cases
3 and 4 tumors were regular and irregular, respectively,
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Table 2 MRI findings of MPNST and representative benign neurogenic tumors

MPNST Neurofibroma Schwannoma
(Neurilemoma)
Age 20-50 years 20-30 years 20-40 years
Size large, >5 cm
Shape fusiform (with tapered fusiform (with tapered ends)
ends) ; multilobulated
Margin poorly defined; well-defined well-defined well-defined
Texture heterogeneous, including homogeneous on T1; heterogeneous
intratumoral cystic areas heterogeneous on T2
suggesting hemorrhage or
necrosis
MRI: T1/T2 low or intermediate; iso to low or intermediate; iso to low or intermediate /
adjacent muscle (high skeletal muscle / heterogeneously high
representing hemorrhage)/ heterogeneously high
heterogeneous high
Enhanced MRI heterogeneous hyper hyper with or without

(contrast-enhanced T1)

peripheral enhancement
with non-enhancing areas
representing cystic
changes or necrosis

homogeneous and patchy
mild
reversed target sign

internal cystic areas

Target sign absent; rarely present present present
(hyperintense ring and (peripheral high and
hypointense center on T2WI)  central low on T2WI)

Split fat sign absent present present

Perilesional edema present absent absent

Abbreviations: MPNST, malignant peripheral nerve sheath tumor; MRI, magnetic resonance imaging; WI, weighted imaging.

the margins were well-defined in both (Figure 1e-h; Ta-
ble 1). However, contrast with the macroscopic pathol-
ogy could not be performed because the diagnoses were
made from of biopsied specimens. The heterogeneous
internal texture observed in all four cases (Figure 1; Ta-
ble 1) could have been due to spindle cell sarcomas with
alternating cellularity and brisk mitotic activity, typical
for the pathology of MPNST (Figure 3). No differences
were noted between Case 1 and Cases 2 and 4 other than
focal skeletal muscle differentiation in Case 1. Although
Case 3 was a so-called ‘anaplastic MPNST’ , all four cas-
es corresponded to high-grade MPNST comprising sar-
coma with high cellularity. Intermingled anechoic areas in
Cases 1 and 3 (Figure 1a, e) may have corresponded to
necrotic and hemorrhagic areas in malignant triton tumor
type and anaplastic MPNST (Figure 3c).

When compared with benign soft-tissue tumors, ma-
lignant soft-tissue tumors generally exhibit large size,
ill-defined margins and hypervascularity on sonography,
as described in our previous study ®'®. In contrast, no
differences are found concerning echogenicity or internal
texture between benign and malignant soft-tissue tumors
(Table 1). The present four cases suggest that MPNST
forms a large, well-defined, heterogeneously hypoechoic
mass with hypervascularity. The features of large size and
hypervascularity are consistent with those of malignant

soft-tissue tumors in general. In contrast, the well-de-
fined margin could serve as a distinct feature of MPNST,
differing from the general finding of malignant soft-tissue
tumors. Actually, three case reports of MPNST have
demonstrated well-defined margins on sonographic imag-
ing ¥2020_This supports our hypothesis that MPNST is
likely to show well-defined margins on sonography.

The most recent study utilizing sonography in a large
group of patients with PNSTs concluded that MPNST
shows an ill-defined margin '”’. That study settled on the
strict numerical criteria for evaluations of tumor margin,
as follows: well-defined, > 90% of whole margin is well
demarcated; and ill-defined, < 90% of the whole margin
is well demarcated. However, tumor margins have been
evaluated qualitatively by trained sonographers on so-
nography in most studies, including our own ¥4, Since
tracing the whole margin of these mostly large MPNSTs
could be difficult within the restricted field of vision on
sonography, the criterion of whether over or less than
90% of the tumor margin is well- or poorly demarcated
on sonography ' may not be practical. Because our crite-
ria for evaluating the tumor margin have been concordant
in most previous studies applying non-numerical crite-
ria 2% the margin for MPNST should be 16 considered
well-defined in clinical practice.

Among the current imaging examination modalities,
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MRI has been the most advantageous to diagnose
soft-tissue tumors, including MPNST, because of its abil-
ity to evaluate tumor properties. Representative findings
on MRI for MPNST are shown in Table 2. MPNST has
been reported to exhibit well-defined or partially ill-de-
fined margins on MRI as compared with non-neurogenic
malignant soft-tissue tumors V¥, A large series investi-
gating differential features on MRI between MPNST and
neurofibroma identified that both tumors exhibit well-de-
fined margin with no significant differences”. Meanwhile,
that study also concluded that two or more among the
four features of tumor size, peripheral enhancement, per-
ilesional edema and intratumoral cystic change could aug-
ment discrimination of MPNST from neurofibroma. An-
other study demonstrated that a recent advance in MRI
using diffusion-weighted imaging values combined with
conventional MRI findings could discriminate MPNST
from benign tumors ?. However, ill-defined margins
were included among the conventional MRI findings sug-
gesting MPNST in that study. Thus, the use of well- or
poorly defined margins for the diagnosis of MPNST on
MRI has varied between studies. MRI has actually been
serving as the most reliable imaging modality to diagnose
soft-tissue tumors, including MPNST, because several
sequences provide tumor features. However, MRI re-
mains challenging in terms of accessibility due to cost,
low procedural throughput, and invasiveness for some
patients, such as those with pacemakers. Further, not all
institutions can equip themselves with MRI machines.

In contrast, sonography could solve these problems,
particularly as an initial imaging examination. When
encountering tumors originating from soft tissues on
sonography, a large mass with ill-defined margin and
hypervascularity on Doppler imaging could be sugges-
tive of malignant tumors in general . Homogeneous
masses with well-defined margins may well be benign
tumors, but even if well-defined margins are present,
heterogeneous masses may be malignant. Examiners
should therefore be cautious in reporting. The probability
of MPNST should increase considerably, especially for
large, rapidly growing masses with well-defined margins,
although the hypoechogenicity, heterogeneous internal
texture and hypervascularity seen in MPNST could not
be definitively discriminated from the features in benign
tumors (Table 1) 1212029,

Basically, half of MPNSTs arise from preexisting neu-
rofibromas in patients with NF1, as in Cases 1, 3 and 4.
Development of MPNST should thus always be consid-
ered in patients with NF14% . MPNST can also develop
sporadically in otherwise normal tissues® . When a rapid-

ly growing mass exhibits sonographic findings similar to
those in the present cases in the soft-tissues of patients,
especially those with a history of NF1, MPNST should be
considered among the differential diagnoses.

As a limitation of sonographic examinations as compared
with MRI in the diagnosis of MPNST, tracing the entire
margin of a tumor could be difficult in the restricted field
of vision because of the large size of most MPNSTs, as
described above. Further, tumor invading bones or bone
marrow may not be depicted. MPNSTS arising from areas
in the trunk such as the pleural cavity or retroperitoneal
cavity might be difficult to observe, depending on con-
ditions such as gas in the body. The internal texture of
MPNSTs could be heterogeneous on sonography, while
several sequences on MRI can evaluate the detailed con-
text of tumor textures. Contrast-enhanced sonography
is better than Doppler sonography for evaluating tumor
vascularity, as contrast-enhanced MRI uses gadolinium in
addition to several sequences of MRI **. Histopatholog-
ical differences might thus be partly responsible for the
differences in sonographic images of MPNSTs. The pos-
sible contribution of histological differences in MPNST
subtypes to sonographic image differences remains to be
clarified by accumulating more cases of this rare patholo-
gy.

IV. CONCLUSION. ...

The present study clarified several sonographic findings
characteristic of MPNST that are similar to those ob-
served in malignant soft-tissue tumors, such as heteroge-
neity and hypervascularity. A well-defined margin could
represent a point of distinction from malignant soft-tissue
tumors in general. Sonography alone may not warrant a
definitive diagnosis of MPNST, but seems useful as an
initial imaging modality. When a large, hypervascular tu-
mor with features of malignant soft-tissue tumor exhibits
a well-defined margin on sonography, MPNST should be
considered as a differentiated diagnosis.
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ABSTRACT

Objectives: There are reports on prognostic factors including viral load, the presence/absence of pneumonia and
MDW at the time of hospital admission, however there are several challenges.
Methods:
Cohort 1: A total of 235 patients diagnosed with COVID-19 admitted to our hospital between July 2020 and July
2021 were investigated for prognostic factors including the presence/absence of concurrent pneumonia and viral
load.
Cohort 2: This investigation planned to investigate the prognostic significance of MDW included 80 patients diag-
nosed with COVID-19 who were admitted to our hospital between April 2021 when automatic blood cell counter
measuring MDW was introduced in our hospital and September 2021.
Results:
Cohort 1: Based on the results of multivariate analysis, advanced age, high body mass index (BMI), diabetes mel-
litus, and concurrent pneumonia were considered to be independent poor prognostic factors.
Cohort 2: The mean age and MDW on admission were significantly higher in the poor prognosis group (n=38)
than in the good prognosis group (n=42) (p<0.01), while high BMI, diabetes mellitus, and concurrent pneumo-
nia showed no significant difference between the two groups.
Conclusions: MDW may be used as a biomarker of aggravation of COVID-19 on admission.

(Lab Med Int 2024; 3(3): 84-94)

COVID-19, SARS-CoV-2, MDW, Ct, Prognosis
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List of abbreviations

Alb =albumin; ALT=alanine aminotransferase; APTT=activated partial thromboplastin time; AUC =area under the
curve; AST=aspartate aminotransferase; BMI=body mass index; BUN =blood urea nitrogen; CBC = complete blood
count; CDC = Center for Disease Control and Prevention; CK = Creatine Kinase; COPD = chronic obstructive pulmo-
nary disease; COVID-19 = coronavirus disease 2019; Cre = creatinine; CRP = C-reactive protein; Ct= cycle threshold;
CT= Computed Tomography; EDTA = ethylenediaminetetraacetic acid; Glu = glucose; Hb = hemoglobin; HbAlc =He-
moglobin Alc; KL-6 =krebs von den lungen-6; LD =lactate dehydrogenase; Ly = lymphocyte count; MDW = monocyte
distribution width; Neu =Neutrophil count; NLR = neutrophil-to-lymphocyte ratio; NPV =negative predictive value;
PCR = polymerase chain reaction; PCT = procalcitonin; Plt = platelet count; PPV = positive predictive value; PT = pro-
thrombin time; RBC =red blood cell; RNA =ribo nucleic acid; ROC =receiver operating characteristic; RT-PCR =Re-
verse Transcription-PCR; SARS-CoV-2 = severe acute respiratory syndrome coronavirus 2; SIRS = systemic inflam-
matory response syndrome; SP-A = surfactant protein A; SP-D = surfactant protein D; SpO2 = oxygen saturation of
peripheral artery; T-bil =total bilirubin; US = United States; WBC = white blood cell; WHO =World Health Organiza-

tion

I. Introduction................coooiiiiiiii i

Coronavirus disease 2019 (COVID-19) is an acute
respiratory infection caused by severe acute respirato-
ry syndrome coronavirus 2 (SARS-CoV-2) which was
originally reported in December 2019 as “pneumonia of
unknown cause” in Wuhan, Hubei, China. It was official-
ly pronounced a new type of coronavirus by the Chinese
Center for Disease Control and Prevention (CDC) on
January 7, 2020. 7

We often experience patients with COVID-19 not having
any serious respiratory symptoms on admission, however
rapid aggravation of respiratory status during follow-up.
Therefore, for the treatment of COVID-19, it is important
to diagnose the disease early, predict its aggravation, and
provide therapeutic intervention early. The 6.2th edition
of the Clinical Practice Guidelines for Novel Coronavirus
Infections (COVID-19) lists the following risk factors for
aggravation: (1) elderly persons aged 65 years or older,
(2) malignant tumor, (3) chronic obstructive pulmonary
disease (COPD), (4) chronic kidney disease, (5) type
2 diabetes mellitus, (6) hypertension, (7) dyslipidemia,
(8) obesity (BMI of 30 kg/m? or higher), (9) smoking,
(10) immunodeficiency after solid organ transplant, (11)
late pregnancy. Multiple factors have also been listed as
markers of aggravation, including (1) elevated D-dimer,
(2) elevated CRP. (3) elevated LD, (4) elevated ferritin,
(5) lymphopenia, (6) elevated creatinine, (7) elevated
troponin, and (8) elevated KL-6. 2

Computed Tomography (CT) scans can be performed
relatively easily, since our hospital has a dedicated CT
examination device for COVID-19 patients. It is also pos-
sible to estimate the viral RNA amount using the number
of positive Ct value of the Smart Gene®, a PCR reagent
for SARS-CoV-2 detection (MIZUHO MEDY Co., Ltd.)?.
There are reports on prognostic factors including viral

load and the presence/absence of pneumonia at the time
of hospital admission, however there are several chal-
lenges.

As previously reported, in recent years, devices that
can analyze detailed white blood cell information with au-
tomated hematology analyzers have appeared, and it has
been reported that Monocyte Distribution Width (MDW)
is useful for diagnosing sepsis and assessing the severity
of COVID-194%,

In this study we examined prognostic factors in
COVID-19, including the presence/absence of concurrent
pneumonia and viral load, and also examined MDW.

II. Methods ....covovviieee e

1. Study subjects

Cohort 1: The study included 235 patients (severity:
mild: 74 patients, moderate I: 116 patients, and moderate
II: 45 patients) admitted to the National Hospital Organi-
zation Omuta Hospital and confirmed to have COVID-19
by SARS-CoV-2 PCR test between July 2020 and July
2021. In the evaluation, a comparative evaluation was
performed retrospectively using blood samples collected
at the initial visit. Severity was classified according to the
6.2th edition of the Clinical Practice Guidelines?. The
details of patient background are shown in Table 1.

In the diagnosis of COVID-19, nasopharyngeal swabs
were collected from patients and the samples are ana-
lyzed by a fully automated genetic analyzer, Smart Gene®
(Mizuho Medy, Co., Ltd.).

Pneumonia was diagnosed based on chest CT findings
by 2 radiologists and 1 pulmonologist. The presence/ab-
sence of pneumonia was evaluated based on the chest CT
image at the initial visit to the hospital.

Cohort 2: The 88 patients with COVID-19 confirmed by
SARS-CoV-2 PCR test who visited the National Hospital
Organization Omuta National Hospital between April and
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September 2021 when the automatic blood cell counter
UniCel DxH 900 series Coulter Cellular Analysis System
(Beckman Coulter, hereafter referred to as DxH 900)
was introduced, included 80 patients (severity: mild in 18
patients, moderate I in 46 patients, and moderate II in 16
patients) whose MDW was measured on admission.

MDW in EDTA 2K-added whole blood venous sample
was measured by DxH 900 (Beckman Coulter, K.K.).

This study was conducted after being approved by the
ethics committee of the National Hospital Organization
Omuta Hospital (Approval No.: 3-19).
2. Detection method of SARS-CoV-2 with Smart
Gene® (nasopharyngeal swab samples)

RT-PCR was performed using the previously reported
method?2,
3. Evaluated items at the initial hospital visit

At the initial visit, the following data were obtained: age,
gender, smoking history, drinking history, time from on-
set to the initial visit, hospitalization period, BMI, under-
lying medical conditions, presence/absence of pneumo-
nia, symptoms at the initial visit, white blood cell count,
neutrophil count, lymphocyte count, hemoglobin, platelet
count, APTT, PT, D-dimer, albumin, total bilirubin, ALT,
AST, LD, CK, BUN, creatinine, glucose, CRP, procalci-
tonin, ferritin, KL-6, SP-D, SP-A, HbAlc, SpO2, and Ct
value (number of cycles).
4. Method to evaluate the prognostic factors of
COVID-19 in Cohort 1

The statistical analysis to evaluate the prognostic fac-
tors of COVID-19 in Cohort 1 was based on comparing
good prognosis and poor prognosis. Prognosis should
essentially be evaluated based on survival/death. How-
ever, since no deaths were observed in this study, poor
prognosis was defined as patients who were hospitalized
for 14 days or longer or who were transferred to other
facilities due to exacerbation of symptoms after hospital-
ization, while good prognosis was defined as patients who
were hospitalized for shorter than 14 days. A multivariate
analysis of prognostic factors was performed, considering
the results of univariate analysis and previously reported
prognostic factors.
5. Relationship between the number of cycle thresh-
old (Ct value) for positive samples and severity

The relationship between Ct value and severity was
evaluated in 204 patients (severity: mild: 64 patients,
moderate I: 99 patients, and moderate II: 41 patients)
whose Ct value was measured among 235 patients admit-
ted to the National Hospital Organization Omuta Hospital
and confirmed to have COVID-19 by SARS-CoV-2 PCR
test between July 2020 and July 2021.

6. Evaluation of MDW to predict prognosis of
COVID-19 in Cohort 2

MDW analysis was started from April 2021 when DxH
900 was installed. In Cohort 2, MDW in 80 patients was
evaluated to predict prognosis of COVID-19 in reference
to the results of the multivariate analysis in Cohort 1.
7. Statistical analysis

Since the data did not show a normal distribution, the
data were presented in medians and quartiles, and the
analysis was performed in a nonparametric manner. The
Mann-Whitney U and y? tests were performed as the
test between 2 groups, and the Kruskal-Wallis test was
performed as the test between 3 groups. Considering
the results of univariate analysis and previously reported
prognostic factors, multivariate analysis was performed
using the method of binomial logistic regression analysis
to evaluate the good and poor prognosis groups. Factors
associated with MDW were analyzed by binomial logistic
regression analysis. p<0.05 was regarded as statistically
significant. All the statistical analyses were performed
using Bellcurve for Excel (version 3.21, Social Survey
Research Information Co., Ltd.).

III. ReSults....ooovvniiiiiiie i

Cohort 1
1. The background of patients with COVID-19

The background of patients with COVID-19 (Cohort 1)
is shown in Table 1. The median age was 56 years of age
(42 years in the good prognosis group and 65 years in the
poor prognosis group) , and age was significantly higher
in the poor prognosis group (p<0.001). In addition to
this, BMI (p=0.02), frequency of concurrent pneumonia
(p<0.001), and severity on admission were also signifi-
cantly higher (p<0.001).

Treatment was performed significantly more frequently
in the poor prognosis group (p<0.001), partly because
patients with severe disease were treated more actively
(p<0.001) (Table 1). Regarding underlying disease, dia-
betes mellitus (p<0.01) and hypertension (p<0.01) were
statistically higher in the poor prognosis group (Table 1).
2. Symptoms of patients with COVID-19

Pharyngitis, headache, taste disturbance, and olfactory
disturbance were statistically different in the good prog-
nosis group, while there were no significant differences
in fever between the 2 groups (Table 1).

3. Laboratory findings in patients with COVID-19
(Cohort 1)

Laboratory findings at the initial visit in the poor prog-
nosis group showed significant increases in neutrophil
count (p=0.03), D-dimer (p<0.01), total bilirubin
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Table 1 Background of patients with COVID-19 (Cohort 1)

Toal (1=235) e Y oo gy Pl

Age (years) 56 (39~ 69) 43521 (25~ 61) 63.992 (54~ 74) <0.001

sex (male / female) 129/ 106 63 /54 66 /52 0.7480
( Smoking history 115/120 53 /64 62/56 0.2047
presence / absence)
( Aleohol history 121/114 59/58 62/56 0.9104
presence / absence)

 period from onsef” to 5 (1~19) 5 (1~14) 5 (1~19) 0.6880

ospital admission (days)

Hospital stay (days) 13 (11~ 20) 11 (9~12) 20 (15~25.75)

BMI (kg/m?) (20.672 ELO235.945) (15.72 E22274.91) (21.452 37276/893) 00246
Systolic 127 124 129 0.0851
pressure (114.25~136.75) (114~135) (117 ~138)

Blood pressure Diastolic
pressure 79.5 (71~ 88) 78 (72~ 87) 85 (70 ~ 89) 0.5959
(prei‘;‘z‘gf;’g‘;nce) 159/76 58/59 101/17 <0.001
(il S/‘;’I‘l’gggai‘é ﬁg;ﬁge m 74/116/45 58/50/9 16/66/36 <0.001
<prese?cleer/a§bysence) 157%%%/78 51/66 106/12 <0.001
continued
Underlying disease:
Cardiovascular disease 19 (8.1%) 6 (5.1%) 13 (11.0%) 0.1055
diabetes mellitus 32 (13.6%) 7 (6.0%) 25 (21.2%) 0.0014
Cerebrovascular disorder 8 (3.4%) 2 (1.7%) 6 (5.1%) 0.1738
Pulmonary disease 28 (11.9%) 12 (10.3%) 16 (13.6%) 0.4359
Malignant disease 18 (7.7%) 6 (5.1%) 12 (10.2%) 0.1536
Neuromuscular disease 0 (0%) 0 (0%) 0 (%)

Hypertension 62 (26.4%) 22 (13.7%) 40 (39.0%) <0.001
presence 139 (59.1%) 48 (41.0%) 91 (77.1%) <0.001
continued
Symptoms

Fever (= 37.5°C) 101 (43.0%) 48 (41.0%) 53 (44.9%) 0.5471
Cough 114 (48.5%) 58 (49.6%) 56 (47.5%) 0.7451
Pharyngitis 37 (15.7%) 25 (21.4%) 12 (10.2%) 0.0209
General malaise 69 (29.4%) 34 (29.1%) 35(29.7%) 0.9194
Nasal discharge 21 (8.9%) 13 (11.1%) 8 (6.8%) 0.2489
Headache 52 (22.1%) 36 (30.8%) 16 (13.6%) 0.0019
Diarrhea 22 (9.4%) 11 (9.4%) 11 (9.3%) 0.9833
Joint pain + Myalgia 12 (5.1%) 9 (7.7%) 3 (2.5%) 0.0876
Dyspnea 39 (16.6%) 17 (14.5%) 22 (18.6%) 0.3977
Taste disturbance 40 (17.0%) 26 (22.2%) 14 (11.9%) 0.0372
Olfactory disturbance 30 (12.8%) 22 (18.8%) 8 (6.8%) 0.0079
Others 45 (19.1%) 19 (16.2%) 26 (22.0%) 0.2605

None 32 (13.6%) 12 (10.3%) 20 (16.9%) 0.1383

Data are expressed as the median (range)

*If no symptoms were observed, the date of positive confirmation was regarded as the date of onset.

** Among the patients with poor prognosis, 4 patients were transferred to other facilities.

***Antiviral drug alone in 1 patient, antiviral drug + steroid in 152 patients, antiviral drug + steroid + baricitinib in 4 pa-
tients

Abbreviation: BMI: Body mass index
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(p<0.01), ALT (p<0.01), AST (p<0.01), LD (p<0.01),
CK (p<0.01), BUN (p<0.01), creatinine (p<0.01), glu-
cose (p<0.01), CRP (p<0.01), procalcitonin (p<0.01),
ferritin (p<0.01), KL-6 (p<0.01), SP-A (p=0.03),
and HbAlc (p<0.01), and significant decreases in lym-
phocyte count (p<0.01), albumin (p<0.01) and SpO:
(p<0.01). The Ct value did not show statistical dif-
ference between the good and poor prognosis groups.
Furthermore, the relationship between the Ct value and
severity was evaluated. The Ct showed higher values as
the severity increased (Table 2). In particular, Ct values
were not statistically different between patients with
moderate I and moderate II, however were statistically
higher in patients with moderate I and moderate II than
in those with mild in severity (Fig.1).

4. Factors related to poor prognosis in patients with

COVID-19

Multivariate analysis of prognostic factors considering
the results of univariate analysis and previously report-
ed prognostic factors showed that age (p<0.01), BMI
(p=0.01), diabetes mellitus (p=0.04), and concurrent
pneumonia (p=0.02) were independent prognostic fac-
tors (Table 3).
Cohort 2
Background and prognostic factors of patients with
COVID-19

Since age, BMI, diabetes mellitus, and concurrent pneu-
monia were found to be independent prognostic factors of
COVID-19 in Cohort 1, we also evaluated MDW as a prog-
nostic factor in addition to age, BMI, diabetes mellitus, and
concurrent pneumonia. The results showed significantly
higher values for age and MDW (Table 4, Fig. 2).

Table 2 COVID-19 laboratory findings at the initial visit to the hospital in patients with COVID-19

Vindnge Toul (=239 rogmosa(neli)  prognoseer(noag) Pt
WBC 4800 (3700 ~ 6100) 4600 (3500 ~ 6100) 4950 (3825~ 6100) 0.2217
Neu 3189.8 (2185.4 ~ 4354.4) 2916 (1907.5~4127.2) 3348.4 (2386.9 ~ 4478.6) 0.0283
Ly 1056.1 (809.7 ~ 1356.4) 1142.4 (874.0 ~1415.7) 988.6 (752.6 ~1232.2) 0.0037
Hb 14.5 (13.5~15.4) 14.6 (13.5~15.5) 14.45 (13.4~15.3) 0.4654
Pt 19.0 (15.8 ~23.6) 191 (16.5~23.3) 186 (14.6 ~ 23.6) 0.7405
APTT 34.7 (32.0~38.2) 34.65 (31.9~37.3) 34.8 (32.3~38.9) 0.1449
PT 10.9 (10.4~11.4) 10.9 (10.3~11.4) 10.9 (10.5~11.5) 0.2027
D-dimer 0.5 (0.2~0.9) 0.4 (0.2~0.7) 0.7 (0.3~1.1) <0.001
Alb 4.1(3.8~4.4) 4.3 (4.0~4.6) 4.0 (3.6 ~4.3) <0.001
T-bil 0.6 (0.5~0.8) 0.6 (0.5~0.7) 0.6 (05~0.8) 0.0062
ALT 23 (16.0 ~38.0) 20 (16.0 ~29.0) 25 (19.0 ~45.5) 0.0019
AST 27 (21.0~37.0) 22 (19.0~30.0) 32 (23.3~445) <0.001
LD 213 (181.0 ~274.0) 196 (165 ~238.0) 244 (197.5~316.5) <0.001
CK 82 (55.0~121.5) 74 (52.0~100.3) 91 (61.0~143.5) 0.0086
BUN 13 (10.0~15.5) 12 (10.0~15.0) 14 (11.0~17.0) <0.001
Cre 0.79 (0.63 ~0.93) 0.75 (0.60 ~0.91) 0.81 (0.67~0.94) 0.0016
Glu 108.5 (97.0 ~131.0) 101.5 (93.0 ~117.0) 115 (104.0 ~138.8) <0.001
CRP 0.7 (0.23~3.07) 0.36 (0.11~1.44) 1.19 (0.40~5.50) <0.001
PCT 0.03 (0.02 ~0.05) 0.02 (0.02 ~0.04) 0.03 (0.02 ~0.06) 0.0011
Ferritin 161 (84.0 ~279.0) 113 (46.8 ~183.5) 240 (116.3~433.8) <0.001
KL-6 230 (166.5 ~ 344.0) 188 (146.0 ~281.0) 267.5 (202.5~440.5) <0.001
SP-D 34.5 (23.5~53.6) 32.2 (21.8~47.0) 37.7 (24.3~60.1) 0.1226
SP-A 27.5(19.9~39.9) 25.8 (18.1~34.9) 30.45 (22.3~45.5) 0.0338
HbAlc 5.6 (5.3~5.9) 5.5(5.2~5.7) 5.7 (5.5~6.3) <0.001
SpO2 97 (96 ~ 98) 98 (97 ~98) 97 (95~ 98) <0.001
Ct value 29.5 (25.0 ~ 34.0) 29 (25.0 ~33.0) 30 (26.0 ~35.0) 0.2035

Data are expressed as the median (range)

Abbreviation: WBC: white blood cell, Neu: Neutrophil count, Ly: lymphocyte count, Hb: hemoglobin, Plt: platelet count,
APTT: activated partial thromboplastin time, PT: prothrombin time, Alb: albumin, T-bil: Total bilirubin, ALT: alanine
aminotransferase, AST: aspartate aminotransferase, LD: lactate dehydrogenase, CK: creatine kinase, BUN: blood urea ni-
trogen, Cre: creatinine, Glu: glucose, CRP: C-reactive protein, PCT: procalcitonin, KL-6=krebs von den lungen-6, SP-D:
surfactant protein D, SP-A= surfactant protein A, HbAlc: Hemoglobin Alc, SpO2: oxygen saturation of peripheral artery,

Ct: cycle threshold
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Figure 1 Relationship between the number of positive test cycles (Ct value) and severity in 204 patients who tested
positive with the Smart Gene®, a reagent for new coronavirus detection (Cohort 1)

Table 3 Factors related to poor prognosis of patients with COVID-19: Multi-
variate analysis by binomial logistic regression analysis

95% Confidence interval

Parameters Lower limit Upper limit Prvalue
Age 0.0355 0.088 <0.001
BMI 0.0227 0.1885 0.0125

Diabetes mellitus 0.0343 2.2610 0.0433
Hypertention -0.7975 0.8607 0.9404
Ly -0.0011 0.0005 0.4542

T-bil -0.8892 1.9267 0.4702
BUN -0.1640 0.0172 0.1124

CRP -0.1752 0.0904 0.5314

PCT -5.8445 14.0572 0.4186
Ferritin -0.0001 0.0036 0.0654
D-dimer -0.3010 0.5311 0.5877
Pneumonia 0.1734 1.8432 0.0179

Data are expressed as the median (range)

Abbreviation: BMI: Body mass index, Ly: lymphocyte count, T-bil: Total bilirubin,
BUN: blood urea nitrogen, CRP: C-reactive protein, PCT: procalcitonin

Table 4 Factors related to poor prognosis of patients with COVID-19: Analysis by binomial logistic regression analysis
(univariate analysis)

The group with The group with 95% Confidence interval
Parameters Total (n=80) good prognosis poor prognosis** . . P-value

Lower limit ~ Upper limit

(n=42) (n=38)

Age 49.5 (15.0 ~65.5) 36.0 (26.0 ~53.0) 62.5 (49.8 ~74.8) 0.0228 0.0732 <0.001
BMI 23.5 (20.8-26.7) 23.5 (20.9-27.0) 23.8 (20.8-26.4) -0.0975 0.0991 0.9879
Diabetes mellitus 7 (8.8%) 2 (4.8%) 5 (13.2%) -0.5947 2.8120 0.2021
Pneumonia 62 (77.5%) 30 (71.4%) 32 (84.2%) -0.3416 1.8570 0.1767
MDW 23.3 (22.2-26.5) 22.4 (21.0-24.3) 24.5 (22.6-27.0) 0.0539 0.3450 0.0072

Data are expressed as the median (range)
Abbreviation: BMI: Body mass index, MDW: monocyte distribution width
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Figure 2 Relationship between prognosis and MDW in COVID-19 (Cohort 2) MDW at the time of hospital admission
was significantly higher in the poor prognosis group.

IV, DiSCUSSION .. tn ittt i

Prognostic factors and markers of aggravation of
COVID-19 have been investigated in many studies ¥ -3%.
However, there have been no reports on studies of the
presence/absence of pneumonia based on chest CT imag-
es or studies including viral load at the initial visit to the
hospital. There are not many studies of MDW related to
COVID-19.

Prognosis should essentially be evaluated based on
survival/death. However, since no deaths were observed
in this study, poor prognosis was defined as patients
who were hospitalized for 14 days or longer or who
were transferred to other facilities due to exacerbation
of symptoms after hospitalization, while good prognosis
was defined as patients who were hospitalized for shorter
than 14 days. As a result of multivariate analysis, age,
BMI, diabetes mellitus, and concurrent pneumonia are
found as independent prognostic factors in our study.

Advanced age was consistently found to be a prog-
nostic factor in most of the previously reported studies
in COVID-19 29 29).30.39 High BMI??® and diabetes
mellitus 2 are also often reported to be poor prognostic
factors.

Malik P et al. investigated biomarkers of COVID-19
aggravation and reported that lymphopenia, thrombocy-
topenia, elevated D-dimer, elevated CRP, elevated procal-

citonin, elevated AST, elevated ALT, elevated creatinine,
and elevated LD were significantly associated with me-
chanical ventilation and death®”. This report is almost
consistent with the results of univariate analysis in our
study. Therefore, it was considered that the definitions of
the poor and the good prognosis groups might be reason-
able in view of the analysis of prognostic factors.

The severity of concurrent pneumonia is assessed as
moderate or higher according to the 6.2th version of the
Clinical Practice Guidelines ?, however it is unknown
whether concurrent pneumonia on admission is related
to subsequent aggravation. In some cases, pneumonia
will be observed after hospitalization and become severe.
COVID-19 pneumonia is considered to appear a few days
after the onset of COVID-19. However, since the median
time from the onset of COVID-19 infection to hospitaliza-
tion in the patients investigated in this study was 5 days,
the patients in whom COVID-19 infection became severe
may have had pneumonia at the time of hospital admission.

According to a systematic review by Shah VP, et al., hos-
pitalized patients with lower Ct value (i.e., higher levels
of viral RNA) have higher disease severity and mortality,
however it is also noted that the results of this analysis
should be interpreted with caution, given the limitations
and lack of assay standardization *.

Our results showed that the viral load (Ct value) on
admission was not associated with prognosis, and was
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statistically lower in patients with higher severity. It has
already been reported that the viral load is the highest
immediately after onset, and that there becomes no iso-
lation of the virus from the 7th day after onset®®. The
results of the Ct value in this study may suggest that the
immune response plays a stronger role in the aggravation
of COVID-19 than the virus itself, and that COVID-19
pneumonia is caused by the immune response. The Ct
value does not only provide useful information for infec-
tion control since the viral concentration in specimens
and the estimation of time of onset, but also might be
used actively for the selection of antiviral and anti-inflam-
matory drugs.

Although many studies have been conducted on mark-
ers of aggravation, it is desirable to predict the prognosis
of COVID-19 easily within the scope of routine clinical
examinations.

MDW generated by DxH 900 which was evaluated in
this study, is a new cytometric parameter that reflects
monocyte changes in cell volume caused by the activation
of monocytes. The result is obtained in around 1 minute
with routine CBC and WBC differential testing without
the need for ordering additional tests. Therefore, MDW
values can be easily confirmed as a routine clinical exam-
ination. MDW may be considered a promising screening
test parameter for COVID-19, if it’s prognostic prediction
for COVID-19 is superior.

Originally, monocytes play an important role in the in-
nate immune system against infection, and are believed
to be involved in phagocytosis, antigen presentation, cy-
tokine production, and activation of acquired immune sys-
tem. Additionally, activation of monocytes is considered
to result in the expression of various functions and the di-
versity of morphology *”*? . Similarly, neutrophil volume
and distribution width are changed, however, Crouser et
al.*-% evaluated MDW in patients in the emergency de-
partment and reported that MDW was superior in detect-
ing sepsis patients and effective as the initial biomarker
to aid in diagnosis and severity assessment of infection.

It is also reported that MDW may be effective as a
diagnostic aid and a severity assessment biomarker
for COVID-19. Ognibene et al.*” reported an observa-
tional study analyzing 147 patients suspected of having
COVID-19 who visited the emergency room. The mean
MDW was 27.3 £ 4.9 in the SARS-CoV-2 -positive pa-
tients (n=41) and 20.3 = 3.3 (p<0.005) in the SARS-
CoV-2 -negative patients (n=106). In addition, when the
MDW of 23 patients admitted to the ICU and 18 patients
not admitted to the ICU were compared among SARS-
CoV-2 positive patients, the mean values were 28.8 =

5.3 and 25.4 + 3.6 (P<0.05), respectively, and was sig-
nificantly higher in the patients admitted to the ICU, sug-
gesting that MDW is useful for the diagnosis and severity
evaluation of COVID-19. However, it was not evaluated
as a biomarker of aggravation in that study. Investigations
as biomarkers of severe disease have been reported by
Riva G, et al."¥ and Frugoli A, et al.*

Riva G, et al. studied 71 good prognosis cases (81.6%)
and 16 poor prognosis cases (deaths) (18.4%) and
reported that the last MDW value detected during the
follow-up after diagnosis in each patient (n==87) was sig-
nificantly higher in the poor prognosis group with a medi-
an value of 26.1 than in the good prognosis group. Frugeli
et al. also studied 284 good prognosis cases (85.54%)
and 47 poor prognosis cases (deaths) (14.16%) and re-
ported that the median value at the first visit in the poor
prognosis group was 24.9, significantly higher than in the
good prognosis group. In our study, MDW was evaluated
as a biomarker of aggravation, and MDW was significantly
higher in the poor prognosis group. Riva G, et al. showed
higher values than our results because they looked at the
last value of MDW detected during the follow-up after di-
agnosis, but were in close agreement with the results of
Frugeli et al.

Frugoli A, et al. also showed the usefulness of MDW
as a predictive marker of sepsis in COVID-19 patients.
In the present study, PCT was significantly higher in the
poor prognosis group in cohort 1, suggesting that poor
prognosis cases may have concurrent sepsis. This point
may need further investigation with a larger number of
cases.

These results suggest that MDW may be used as a bio-
marker of aggravation at the time of hospital admission.

This study has some limitations. First, prognosis should
essentially be evaluated based on survival/death. How-
ever, since no deaths were observed in this study, poor
prognosis was defined as patients who were hospitalized
for 14 days or longer or who were transferred to other
facilities due to exacerbation of symptoms after hospi-
talization, while good prognosis was defined as patients
who were hospitalized for shorter than 14 days. Second,
in this study, the prognostic factors were analyzed from
July 2020, however since DxH 900 was installed in April
2021, the number of patients in whom MDW was ana-
lyzed was small and it was hard to examine in the same
cohort. Third, the study was retrospective in design,
used data obtained from a single center study. Finally, it
did not include severe patients.
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V. ConcluSions. .. ...ovuveiniie e

Viral load (Ct value) at the initial visit to the hospital
may be not related to prognosis. However, it does not
only provide useful information for infection control since
viral concentration in the specimens and the time of on-
set may be estimated, but also might be used actively for
the selection of antiviral and anti-inflammatory drugs.

MDW is a test that can be performed quickly and easily
in peripheral blood testing, which is collected in a routine
clinical examination and it is not necessary to use naso-
pharyngeal swab samples, etc. MDW is expected to be
widely used clinically as a supplementary test to predict
the prognosis of COVID-19 in various medical institu-
tions such as small and medium-sized hospitals and clin-
ics.
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ABSTRACT

Deep vein thrombosis (DVT) is a pathological condition where blood clots form in the veins deeper than
the fascia, sometimes leading to serious complications such as pulmonary embolism. DVT is a signifi-
cant complication of cancer; given the situation where the frequency of cancer is predicted to increase,
early diagnosis and intervention of DVT are crucial. Current diagnostic methods, such as blood D-di-
mer test and ultrasonography of the lower limbs, have limitations in terms of specificity and sensitivity.

In this study, we focused on large extracellular vesicles (LEVs) in the plasma of DVT patients and in-
vestigated whether microRNAs (miRNAs) enriched in these LEVs could serve as new biomarkers.
While the total number of LEVs in patients with DVT was comparable to the control group, there was
an increase in platelet-derived LEVs. Specifically, 13 miRNAs were decreased while 4 miRNAs were in-
creased in LEVs in DVT patients (DVT LEVs), among which miR-4485-5p showed a significant 10.9-
fold increase, demonstrating a good diagnostic performance for DVT with an area under the curve of 0.81.

Overexpression of miR-4485-5p in human umbilical vein endothelial cells (HUVEC) led to the suppression of
tissue plasminogen activator, a predicted target of miR-4485p and a key component of the fibrinolytic system.
Additionally, co-culture of HUVEC with DVT LEVs resulted in increased intracellular miR-4485-5p. These find-
ings suggest that miR-4485-5p in platelet-derived LEVs could serve as a valuable biomarker for DVT and may
contribute to thrombus formation by suppressing the fibrinolytic system.

(Lab Med Int 2024; 3(3): 95-107)

microRNA, Deep vein thrombosis, Extracellular vesicles, Biomarker

L Introduction...........c.oooviiiiiiiiiiiiiiae i,

Deep vein thrombosis (DVT) is a condition character-
ized by the formation of thrombosis in the deep veins
of the lower limbs and pelvis V. The development of a
thrombus in more central veins, such as the vena cava,
can lead to a life-threatening condition known as pulmo-

nary thromboembolism (PE). DVT and PE are collec-
tively referred to as venous thromboembolism (VTE) V.
Virchow’s triad, comprising venous stasis, endothelial
injury, and hypercoagulability, is a well-established risk
factor for VTE ?. Cancer patients, in particular, are at an
increased risk of developing DVT due to the elevated
blood coagulopathy, a phenomenon known as cancer-as-
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sociated thrombosis * ¥ . Indeed, an analysis of patients
with acute VTE has revealed that active cancer or a
history of cancer is a predominant risk factor, accounting
for 31% of all cases® . Furthermore, cancer patients with
metastases face a significantly higher risk of VTE, up to
19.8 times higher than those without metastases, due
to increased hypercoagulability of the blood ®>”. As the
global population continues to age, the prevalence of can-
cer is predicted to rise, leading to an anticipated increase
in the number of patients experiencing VTE in the near
future V¥,

DVT is typically diagnosed through venous ultrasonog-
raphy of the lower limbs, following the exclusion of obvi-
ously negative cases using a blood D-dimer test? . While
the blood D-dimer test exhibits high sensitivity for DVT
diagnosis, its specificity is relatively low ?. One possible
contributing factor to this limitation is the age-related
increase in blood D-dimer levels, with extremely low
specificity observed in patients aged 70 and 80 years or
older at 22% and 9%, respectively 1. Additionally, re-
duced specificity is noted in cancer cases, where 46% of
patients with abdominal malignancies but without DVT
display values exceeding the conventional cutoff of 0.5
ng/mL 'V, In addition, the blood D-dimer test is not ideal
for screening purposes for DVT diagnosis, as it can be
elevated in conditions such as inflammation, infection,
trauma, and surgery ® . Although venous ultrasonography
demonstrates high diagnostic performance, challenges
include unstable delineation of deep veins and reliance on
operator expertise and equipment performance for accu-
rate diagnosis ?. Therefore, the identification of a novel
biomarker for DVT diagnosis, characterized by significant
specificity and consistent diagnostic accuracy, is of para-
mount importance.

To enhance the diagnostic accuracy of DVT, the study
focused on large extracellular vesicles (LEVs) released
from vascular endothelium, monocytes, and activated
platelets - ¥, Elevated levels of LEVs are observed in
patients with DVT, cancer, and inflammation '¥-'¥ . The
increase in LEV levels is presumed to contribute to blood
coagulation by exposing tissue factor (TF) on their sur-
face ¥ . However, the diagnostic accuracy of DVT based
on TF concentration and activity on the LEV surface var-
ies across studies?”, suggesting that measuring TF alone
1s insufficient for improving diagnostic accuracy.

LEVs also serve as carriers of microRNAs (miRNAs) in-
volved in gene expression suppression 2. Moreover, ex-
tracellular vesicles from tumor cells and damaged organs
exhibit a unique miRNA profile distinct from that in nor-
mal tissues V> 22, This phenomenon has been observed

in various malignancies and diseases, such as prostate
cancer, lung cancer, Alzheimer’s disease, and myocardi-
al infarction 2. Consequently, miRNAs in LEVs hold
promise as novel clinical biomarkers 2V* . miRNAs may
migrate to other cells, modify gene expression, and regu-
late the pathogenesis of diverse diseases*. While some
miRNAs have shown utility in the diagnosis of DVT, the
mechanisms related to pathogenesis and their association
with LEVs have not been thoroughly investigated . In
line with these observations, the study hypothesized that
identifying clinically useful miRNAs in LEVs and eluci-
dating their involvement in DVT pathogenesis could lead
to the establishment of new biomarkers.

In this study, we analyzed the number of LEVs collect-
ed from DVT patients (referred to as DVT LEVs) and
characterized the associated miRNAs. LEVs derived
from platelets were found to be significantly increased
in the DVT group. A comprehensive analysis of miRNAs
extracted from DVT LEVs revealed changes in 17 miR-
NAs, among which miR-4485-5p showed a significant
increase and demonstrated good diagnostic performance
in the receiver operating characteristic (ROC) analysis.
Functional analysis indicated that overexpression of miR-
4485-5p suppressed tissue plasminogen activator (tPA),
which is a candidate target of the miRNA, in human um-
bilical vein endothelial cells (HUVEC). Lastly, co-culture
of HUVEC with LEVs recovered from clinical specimens
significantly increased intracellular miR-4485-5p.

II. Materials and methods .............coooeiviein....

2.1 Sample Collection

Plasma specimens were collected from 28 DVT patients
(10 males and 18 females) (Table 1, 2). The diagnosis
of DVT was conducted by well-trained cardiologists ac-
cording to its diagnostic criteria and confirmed through
enhanced computed tomography or lower extremity ul-
trasound sonography 2. Only new-onset DVT cases were
included; cases with initiated treatment or recurrent
DVT were excluded from the study. miRNAs were ex-
tracted from plasma of 24 out of 28 cases, excluding two
instances with severe hemolysis occurred during plasma
separation and two cases where the volume of specimens
for nucleic acid extraction was insufficient. As a con-
trol group, the same analysis was performed on 14 age-
matched healthy volunteers (4 males and 10 females).
2.2 Isolation of plasma LEVs and miRNA extraction

Seven mL of peripheral blood was collected in blood col-
lection tubes supplemented with EDTA-Na (Venoject II;
Terumo, Tokyo, Japan) and centrifuged for 10 minutes at
1,900g. The collected plasma was stored at —80°C until
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RNA extraction. Since this study focused on LEVs with
a diameter less than 1,000 nm, previously referred to as
‘microvesicles’ or ‘microparticles’ 2, 1,000 pL of plas-
ma was filtered through a membrane filter with a pore
size of 1,000 nm (Membrane Solutions, Texas, USA) and
centrifuged for 20 minutes at 17,000g > . Total RNA was
extracted from the LEV pellets using the miRNeasy Plas-
ma/Serum Kit (Qiagen, Hilden, Germany) following the
manufacturer’s protocol. As a spike-in control for quanti-
tative analysis, 1 fmol of cel-miR-39, a C. elegans-derived
miRNA, was added. The extracted total RNA was stored
at — 80°C until further usage.
2.3 Flow cytometry (FCM) analysis

LEVs in the plasma samples (n=5 for the DVT group
and n=6 for the control group) were counted by FCM.
Isolated LEVs were washed three times with calcium-
and magnesium-free Dulbecco’s phosphate-buffered sa-
line (Nacalai Tesque, Kyoto, Japan). LEVs hold identical
surface markers to the original cell because the outer
layer consists of the cell membrane 2. We stained plate-
let-derived LEVs with CD31-APC-Cy5 (Biolegend, San
Diego, USA) and CD61-FITC (Biolegend) antibodies for
identification. Control beads (Spherotech, Lake Forest,
USA) were added for size control. Stained LEVs were
measured by FACS Verse (BD Biosciences, New Jersey,
USA). Particles smaller than the size control beads with
a diameter of 1,000 nm were counted as LEVs.
2.4 Microarray analysis

A 3D-gene miRNA Oligo Chip (Toray, Tokyo, Japan)
was employed to generate a comprehensive miRNA
profile in DVT LEVs. The signal intensities obtained for
each well were corrected using the 75th percentile signal
intensities, which were further normalized by conversion
to log, values. A heat map and a volcano plot were gen-
erated with a cut-off of at least a 2-fold change in miRNA
expression and a p-value of less than 0.05 by Welch’s
t-test. R (4.2.0) and gplots package (3.1.3) were utilized
to generate the heat map and volcano plot ?”.
2.5 Real-time quantitative PCR (RT-qPCR) analysis

of miRNAs

Candidate miRNAs for DVT biomarkers were analyzed
by RT-qPCR. Equal amounts of total RNA were reverse
transcribed using the TagMan microRNA Reverse Tran-
scription kit (Thermo Fisher Scientific, Massachusetts,
USA). Synthesized complementary DNA (cDNA) was
then amplified on a DICE TP800BE thermal cycler
(Takara, Shiga, Japan) using the Luna Universal Probe
gPCR Master Mix (New England Biolabs, Massachu-
setts, USA) and TagMan MicroRNA Assay (Thermo
Fisher Scientific). The PCR reaction conditions were

set as follows: enzyme activation at 95°C for 10 minutes,
followed by 40 cycles of 95°C for 15 seconds and 60°C for
1 minute. During RNA extraction, 1 fmol of cel-miR-39
was spiked in and used as an exogenous control. The
expression levels were calculated from the obtained am-
plification curves using the comparative threshold cycle
(Ct) method, and the values were presented relative to
the average of the control group.
2.6 Cell culture

HUVEC, an endothelial cell-derived cell line, was ob-
tained from the JCRB Cell Bank (Osaka, Japan) and cul-
tured in DMEM/HAM’s F12K medium (FUJIFILM Wako
Pure Chemical, Osaka, Japan) supplemented with 10%
fetal bovine serum, 50 pg/mL endothelial cell growth
supplement (FUJIFILM Wako Pure Chemical), and 100
pg /mL heparin (FUJIFILM Wako Pure Chemical) at
37°C with 5% CO.,.
2.7 Transfection of miRNA mimic and inhibitor into

HUVEC

HUVEC was transfected with mirVana miR-4485-5p in-
hibitor and mimic (each from Thermo Fisher Scientific)
using Lipofectamine RNAIMAX (Thermo Fisher Scien-
tific) . The concentrations of the inhibitor and mimic were
set at 10, 30, and 50 nM per well. Cells were collected 24
hours after transfection, and protein and RNA were ex-
tracted from the cells.
2.8 RT-qPCR analysis of candidate miRNA target

genes

mRNA expression in HUVEC was measured by RT-qP-
CR. An equal amount of RNA was first reverse tran-
scribed with the PrimeScript RT-PCR kit (Takara) . The
c¢DNA was amplified using TB Green Premix Ex Taq (Ta-
kara) under the following conditions: enzyme activation:
95°C, 30 sec; PCR reaction: 40 cycles of 95°C for 5 sec,
and 60°C for 30 sec. The expression of PLAT (encoding
tPA) was measured using the following primers: forward
primer: CATATTTCGTGTGCCAGTGC and reverse
primer: GACCCATTCCCAAAGTAGCA. IPO8 was used
as an internal control with the following primers: forward
primer: GGCATACAGTTTAACCTGCCAC and reverse
primer: CAGGAGAGGCATCATGTCTGTAA %, The ex-
pression levels were calculated from the obtained ampli-
fication curves using the Ct method, and the values were
presented relative to the mean of the control group.
2.9 Immunoblotting

HUVEC was harvested, and radio-immunoprecipitation
assay (RIPA) buffer was added to the cells, followed by
sonication to lyse the cells. The lysed sample was mixed
with an equal volume of sample buffer (FUJIFILM Wako
Pure Chemical). The mixture was separated on a 10%
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SDS-PAGE gel and transferred to a polyvinylidene difluo-
ride membrane. The transferred membrane was blocked
with Blocking One (Nacalai Tesque) and incubated with
an anti-tPA antibody (ab227069, Abcam, Cambridge, UK)
or anti-GAPDH antibody (2118, Cell Signaling, Danvers,
USA) overnight at 4°C. After incubation, the membrane
was washed three times with phosphate-buffered saline
(PBS) with 0.1% Tween 20. Subsequently, the mem-
brane was incubated for 2 hours at room temperature
with horse radish peroxidase (HRP) -labeled anti-rabbit
antibody (1:1,000) (7074, Cell Signaling). Signals were
visualized with Western blot hyper HRP substrate (Taka-
ra) and analyzed by LAS-2000 (GE Healthcare, Fairfield,
USA).
2.10 Co-culture of HUVEC with LEVs isolated from
plasma

HUVEC (3.0 X 10*) was adhered to 24-well plates (Corn-
ing, New York, USA) and cultured for 24 hours. One hun-
dred thousand FCM-counted LEVs from DVT and control
samples were dissolved in 200 pL Opti-MEM (Thermo
Fisher Scientific) and added to the culture medium. After
24 hours, the LEVs in the culture medium were removed.
HUVEC was collected after washing with PBS and lysed
for RNA extraction.
2.11 Statistical analysis

Welch’s t-test was employed to compare the two
groups 223 A p-value less than 0.05 was considered
significant. The diagnostic performance of miR-4485-5p
was determined by the area under the curve (AUC) cal-
culated by ROC analysis. Optimal sensitivity and specific-
ity were determined by the Youden index. R (4.2.0) and
pROC package (1.18.0) were used for the analysis®V.
2.12 Ethical Consideration

This study was conducted following approval from the
ethics committees of Kumamoto University (Approval
No. 2016) and Kyushu University (Approval No. 2020-
250). Samples were exclusively collected from indi-
viduals who provided written informed consent, and all
procedures adhered to the principles of the Declaration of
Helsinki. Samples were obtained from adult participants
between August 13, 2020, and February 31, 2022.

TIL ReSUItS .. cvoiiiie e it

3.1 Characteristics of DVT patients included in the
study
Table 1 and 2 present the characteristics of the DVT
and control groups. The mean age of the DVT patients
was 69.1 years (range: 39-86 years). Coagulation and
hematological tests revealed significantly higher blood
D-dimer levels in the DVT group (p < 0.001) (Table 1),

whereas the red blood cell count (p = 0.005), hemoglo-
bin (p < 0.001), and hematocrit (p < 0.001) were sig-
nificantly lower in the DVT group.

Among the 28 DVT patients, cancer (n=20, 71.4%)
was the most common primary disease in the cohort; two
patients (7.1%) had collagen disease, and one patient
(3.6%) had varicose veins (Table 2). Collectively, the
cases in this study included typical patients with under-
lying conditions associated with a high risk of developing
DVT, thus the selection of subjects was considered ap-
propriate.

3.2 Increased platelet-derived LEVs in DVT patients

The number of plasma LEVs was counted by FCM (n=5
in the DVT group, n=6 in the control group). The total
number of LEVs per mL was comparable between the
DVT and control groups (Figure 1a). Previous studies
have shown that LEVs formed by the platelet (referred
to as platelet-derived LEVs) are increased in DVT #239
Indeed, when we labeled platelet-derived LEVs with
their respective surface markers, CD31 and CD61, they
were significantly increased in the DVT cases (Figure
1b, 1c¢). This result suggests that the increase in LEVs
in DVT was primarily due to release from platelets,
although the specificity of CD31 for the marker of plate-
let-derived LEVs needs further study®”. While, the abso-
lute number of LEVs did not increase, and the degree of
increase in CD31- and CD61-positive LEVs was almost
equal. This indicates that the increase in LEVs in DVT is
more likely to be derived from platelets.

3.3 Increased miR-4485-5p in LEV fraction as a di-
agnostic marker for DVT

Given the increased platelet-derived LEVs in DVT cas-
es, we hypothesized that their miRNA expression levels
might be altered. We conducted a comprehensive analysis
of miRNA profiles within LEVs obtained from the plasma
of both DVT and control subjects.

Firstly, we performed microarray analysis on samples
from five age- and sex-matched subjects each from the
DVT and control groups after extracting miRNAs within
LEVs. Four out of five DVT patients in this subset also
had concomitant cancer. The generated heat map shows
clustering based on signal intensity (Figure 2a), and the
volcano plot illustrated significant alterations in 4 miR-
NAs with an increase and 13 miRNAs with a decrease in
the DVT group (Figure 2b). These miRNAs that were
significantly altered by microarray analysis are shown
in Table 3. Given the specific increase of CD31- and
CD61-positive LEVs (Figure 1b, 1c), the changes in
miRNA level were suggested to be influenced by an in-
crease in platelet-derived LEVs.
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Table 1

DVT Control p value
n 28 14
Sex, male: n (%) 8 (28.6) 4 (28.6)
Age (years) 69.1 + 2.2 67.8 = 2.9 0.71
WBC (X 10%uL) 6.8 = 0.5 5.7+ 0.3 0.08
RBC (X 10%uL) 3.7+0.2 43+ 0.1 <0.01
Hgb (g/dL) 11.1 £ 0.4 13.7 £ 0.3 <0.001
Hct (%) 33.8 + 1.3 40.4 + 0.9 <0.001
MCV (fL) 933+ 1.6 95.4 + 2.1 0.41
MCH (pg) 30.8 + 0.7 325+ 1.2 0.26
MCHC (g/dL) 329+ 03 33.9 = 0.4 0.11
PLT (X 10%uL) 232.0 + 22.6 211.7 £ 2.9 0.85
PT (sec) 124 + 0.2 11.9 + 0.2 0.11
APTT (sec) 319 + 3.2 30.2 + 1.0 0.74
D-dimer (ug/mL) 9.6 £ 15 0.7 £ 0.1 <0.001

All values are expressed as means == SEMs.

Table 2
Comorbidities n (%)
Cancer 20 (71.4)
Head and neck 6 (21.4)
Uterine 5 (17.8)
Hematological 2 (7.1)
Esophageal 2 (7.1)
Ovarian 2 (7.1)
Pancreatic 1 (3.6)
Breast 1 (3.6)
Bladder 1(3.6)
Collagen disease 2 (7.1)
Varicose vein 1(3.6)
Fixation 1 (3.6)
Not applicable 4 (14.3)
Table 3
Up-regulated miRNA Down-regulated miRNA
miRNAID  Log: (Fold change)  p value miRNAID  Log: (Fold change)  p value
miR-4485-5p 4.3 <0.01 miR-451a -4.3 <0.01
miR-1973 4.8 <0.05 miR-92b-3p -3.2 <0.05
miR-12136 2.8 <0.05 miR-122-3p -3.1 <0.05
miR-361-3p 1.7 <0.05 miR-1343-3p 2.7 <0.05
miR-4317 -2.6 <0.05
miR-12115 -2.6 <0.05
miR-100-5p -2.5 <0.05
miR-128-1-5p -2.5 <0.05
miR-99a-5p -2.3 <0.05
miR-6887-5p 2.1 <0.05
miR-8052 -2.1 <0.05
miR-6880-5p -1.9 <0.05
miR-23a-3p -1.3 <0.05
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Figure 1 Increased platelet-derived LEVs in plasma of DVT patients
(a) Number of total LEVs. (b and ¢) CD31- and CD61-positive LEVs in plasma analyzed by FCM. Each value in the
graph shows the number of LEVs per mL. (n = 6 for control group and n=5 for DVT group) (*p < 0.05).

We next quantified miR-4485-5p, the miRNA with the
most significant increase in the microarray. Nineteen
DVT and fourteen control samples, different from those
used for microarray analysis, were employed. As expect-
ed, the expression level of miR-4485-5p was significantly
elevated in the DVT group (10.9-fold higher than in the
control group, p =0.008) (Figure 2c¢). Thus, it was
confirmed that miR-4485-5p was markedly elevated by
increased platelet-derived LEVs in DVT patients.

Finally, the diagnostic efficacy of increased miR-4485-5p
within LEVs for DVT was evaluated using ROC analysis.
The AUC of miR-4485-5p in LEVs was 0.81 (95% con-

fidence interval 0.65-0.97), with a diagnostic sensitivity
of 0.74 and specificity of 0.94 when the optimal cut-off
value was set at 1.825, as determined by the Youden in-
dex (Figure 2d). Collectively, increased miR-4485-5p in
LEVs was deemed a valuable marker for DVT diagnosis.
3.4 Reduced tPA expression by miR-4485-5p in HU-
VEC

We then explored the impact of miR-4485-5p on target
cells, specifically investigating its effects on candidate
target genes. Using miRwalk*®, a target mining tool, we
identified 36,713 genes as potential targets; we selected
genes highly expressed in venous tissue and involved
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Figure 2 Increased miR-4485-5p LEVs from DVT patients
(a) Heat map of differentially expressed miRNAs in DVT versus control LEVs. Expression levels are shown as color,
where red represents high expression level and green represents low in each sample. (b) Volcano plot of microarray anal-
ysis. Red lines indicate cut-offs of 1 on the X-axis (fold change > 2.0) and 1.3 on the Y-axis (p < 0.05). (¢) RT-gPCR
analysis of miR-4485-5p in LEVs (control n=14, DVT n=19). As a control, 1 fmol of cel-miR-39 was used. The top and
bottom edges of the box indicate the first and third quartiles, respectively. The upper and lower whiskers indicate the
maximum and minimum values, excluding outliers. (d) Receiver operating characteristic (ROC) analysis of miR-4485-5p

for DVT. Sp: specificity, Se: sensitivity (* p < 0.05).

in the complement and coagulation cascade (KEGG
pathway: hsa04610) as promising candidates *® . Among
these, PLAT, a gene encoding tPA, emerged as a func-
tional target with sequences complementary to miR-
4485-5p in both the 3’UTR and coding region (Figure
3a).

Subsequently, we investigated the expression of PLAT
in HUVEC when miR-4485-5p expression was modulated
using the miR-4485-5p mimic and inhibitor. Introduction
of the miRNA mimic led to a 38.0-fold increase in miR-

4485-5p expression in HUVEC, resulting in a 0.68-fold
decrease in PLAT expression compared to the control
(p =0.02) (Figure 3b, 3d). Conversely, the miRNA in-
hibitor decreased miR-4485-5p expression in HUVEC by
0.35-fold and increased PLAT expression by 1.46-fold (p
=0.03) (Figure 3c, 3e). Additionally, tPA expression,
assessed by Western blotting, was significantly reduced
by 0.29-fold in HUVEC transfected with the miR-4485-5p
mimic (p =0.014) (Figure 3f), although no significant
change in tPA protein was observed in HUVEC treated

—101—
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Figure 3 Suppression of tPA by miR-4485-5p in HUVEC.
(a) Binding sites of miR-4485-5p with PLAT, as predicted by miRwalk. (b) miR-4485-5p expression in HUVEC with each
concentration of miR-4485-5p mimic (n=3) and (c) inhibitor (n=3). (d) PLAT expression in HUVEC exposed with
30nM miR-4485-5p mimic (n=6) and (e) inhibitor (n=10). (f) Western blot analysis of tPA protein treated with miR-
4485-5p mimic and inhibitor (n=3). tPA protein in HUVEC treated with miR-4485-5p mimic and inhibitor are corrected
for GAPDH to compare with control (* p < 0.05, ** p < 0.01, *** p < 0.001).
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with the miR-4485-5p inhibitor (p =0.24). Previous
studies showed that over 90% of the tPA protein pro-
duced by HUVECs is secreted extracellularly, with only
a minor fraction remaining intracellular *”-3¥ . Therefore,
it is possible that miRNA inhibitor did not contribute to
the increase in tPA protein in HUVEC when measured
by Western blot analysis. Overall, these findings suggest
that an increase in miR-4485-5p exerts an inhibitory ef-
fect on tPA expression in vascular endothelial cells.

3.5 Increased miR-4485-5p in HUVEC exposed to

LEVs from DVT patients

Finally, we investigated the impact of DVT LEVs on
intracellular miR-4485-5p levels in HUVEC. LEVs from
three DVT and control samples, with similar particle size
distributions as determined by FCM, were selected for
the experiment. Two of the three DVT samples were as-
sociated with cancer, while the remaining one was linked
to collagen disease. We confirmed that miR-4485-5p
levels in LEVs from all three DVT cases were more than
2-fold higher than the mean level in the control group
(Figure 2¢).

Comparing HUVEC co-cultured with LEVs from DVT
patients or non-DVT donors to those cultured without
LEVs, both groups exhibited a significant increase in in-
tracellular miR-4485-5p levels (by 1.16-fold or 1.23-fold,
respectively), but there was no significant difference
between the DVT and non-DVT groups (p =0.29) (Fig-
ure 4a). These findings suggest that LEVs can elevate
miR-4485-5p levels in target cells. Furthermore, the
PLAT expression in HUVECs co-cultured with non-DVT
LEVs compared to HUVECs cultured without LEVs
was 1.51 and 0.97 in those co-cultured with DVT LEVs.
The results indicated that DVT LEVs reduced the PLAT
expression in HUVECs compared to non-DVT LEVs.
However, the difference was not statistically significant (p
= 0.099) (Figure 4b). The lack of distinction between
the DVT and control groups in this experiment may be
attributed to the use of unsorted LEVs instead of purified
platelet-derived LEVs due to technical constraints. West-
ern blot analysis of tPA protein could not be performed
due to the insufficient recovery of protein extract re-
quired for the assay.

IV, DiSCUSSION . - ettt et e

In this study, the analysis of miRNAs in DVT LEVs
aimed to elucidate their significance in the pathogenesis
and potential as biomarkers. Among the 17 significantly
altered miRNAs in DVT LEVs, miR-4485-5p exhibited
notable diagnostic performance for DVT. This miRNA
was found to suppress tPA in HUVEC, suggesting its in-

volvement in thrombus formation through the inhibition
of the fibrinolytic system.

Notably, the increase in miR-4485-5p levels is suggested
to link to impaired mitochondrial function, as evidenced
by reduced ATP production and increased reactive oxygen
species (ROS) in cells* . Despite the precise mecha-
nisms connecting increased miR-4485-5p to mitochondrial
dysfunction remain unknown, the study showing that vas-
cular tissue in mice with mitochondrial dysfunction exhib-
ited increased levels of both ASncmtRNA-2, a precursor
antisense non-coding mitochondrial RNA of miR-4485-
5p ¥ and miR-4485-5p imply a connection between
these and mitochondria regulation *”> *¥, In addition,
previous study suggests a potential connection between
mitochondrial dysfunction and increased LEVs; Burger
et al. reported that cells with reduced mitochondrial func-
tion produced more LEVs, and conversely, an increase in
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Figure 4 Increase of miR-4485-5p induced by LEVs.
(a) Expression level of miR-4485-5p and (b) PLAT in
HUVEC with 100,000 control and DVT LEVs after 24
hours, as analyzed by RT-qPCR (n = 3) (¥ p < 0.05, **
p <0.01).
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LEVs significantly reduced mitochondrial function in the
cells *. Overall, this study, in conjunction with existing
literature, proposes a potential disease mechanism (Fig-
ure 5) : primary diseases lead to mitochondrial dysfunc-
tion in platelets and endothelial cells, resulting in elevat-
ed levels of miR-4485-5p within intracellular ¥ *-®, This
accompanies with the release of a substantial number of
LEVs containing this miRNA into the bloodstream. The
presence of miR-4485-5p contributes to the inhibition of
tPA, a key component of the fibrinolytic system, in endo-
thelial cells, thus creating a hypercoagulable environment
conducive to the formation of DVT.

The study suggests that miR-4485-5p in LEVs could
serve as a promising biomarker for DVT. Compared to
traditional tests like the blood D-dimer test, miR-4485-
5p in LEVs exhibited better specificity * . Furthermore, it
provides a more stable measurement than ultrasonogra-
phy of the lower limbs, which can vary in diagnostic per-
formance based on the examiner and equipment ?. The
potential utility of measuring miR-4485-5p is seen in its
ability to overcome the limitations of existing tests and
improve the diagnosis of DVT.

Our study acknowledges several limitations. The small
number of cases analyzed calls for further studies with
a larger number of DVT cases. The prevalence of both
cancer and DVT in most patients makes it challenging to
determine the individual contributions of each disease to

miR-4485-5p

Tissue factor

| lissue factor
Phosphatidylserine

the results. The study also points out the need for further
research to specify the origin of the identified miRNAs
within LEVs and to elucidate detailed underlying mech-
anisms. In particular, since CD31 is highly expressed in
both vascular endothelium and platelets, it is necessary
to determine whether the LEVs are of vascular endothe-
lial or platelet origin® . Currently, there is no consensus
on which cell type predominantly contributes to the high
CD31 expression on LEVs. Furthermore, it is important
to determine whether miR-4485-5p-rich LEVs are de-
rived from vascular endothelium or platelets.

In conclusion, the study highlights the clinical signifi-
cance of DVT diagnosis, especially considering that 10%
of unidentified VTEs (uVTE) are diagnosed as cancer
within a year *”. A substantial portion (more than 60%)
of cancers of unknown primary origin is diagnosed short-
ly after the identification of uVTE *”. This suggests that
latent DVT might be an early indicator of cancer. Rec-
ognizing the importance of early DVT diagnosis from a
cancer perspective, the study emphasizes the need to
establish biomarkers that can enhance the diagnostic per-
formance of DVT. miR-4485-5p in LEVs is proposed as a
potential biomarker that could fulfill this role.
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